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Mucu has been written about the techniques of angiography and 
the appearances of various intracranial tumours studied in this way. The 
meningiomata in particular, have received a moderate share of attention 
as regards their angiographic diagnosis. In spite of this, there has been 
little or no reference other than in statistical records, to the relatively high 
proportion of meningiomata which on angiography do not show evidence 
of circulation within the tumours. Hemmingson (1939) described a series 
of 10 meningiomata of which only 2 were successfully demonstrated by 
their tumour circulation. Engeset (1944), in his monograph on cerebral 
angiography, records 10 cases, only 6 of which showed pathological vessels. 
Wickbom (1948) described 39 cases of which 13 showed no evidence of 
tumour circulation. List and Hodges (1938) in a series of 20 cases had 
only 9 which showed tumour vessels. Using strict criteria for the presence 
of vessels in the tumours demonstrated on angiography, the results in 
65 cases from the National, Maida Vale and Atkinson Morley (St. 
George’s) Hospitals showed that there were 25 cases in which no intra- 
neoplastic vessels were demonstrated. This represents an absolute failure 
of pathological diagnosis by angiography of 38 per cent. Because this 
seemed a rather high figure, it was thought that an enquiry into the causes 
of these failures should be undertaken and the subject of this paper is a 
report on the results of this investigation. 

The problem was approached along four main lines, and the results 
will be presented in the same way, as follows: 

A. Clinical, i.e. Patients’ case histories. 

B. Radiological, ie. Angiograms and Plain X-rays. 

C. Pathological, i.e. The tumours. 

D. Physiological, i.e. Contrast distribution. 
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A. CurnicaL FInpINGs 

The factors which received particular attention in this section were the 
patients’ age, sex, length of history and the state of the cardiovascular 
system. 

Age factor—As Cushing (1922) found, the maximum case incidence 
is in the fifth decade, with sporadic cases occurring as young as 20 years 
of age and as old as 75 years. There was no indication that the age factor 
played any significant part in the likelihood of tumour demonstration. 
The average age of patients with tumours arising in the vault region 
(convexity, falx cerebri and sagittal sinus) was 51 years, whereas that for 


patients with tumours arising from the basal region (olfactory groove, 
lesser wing of sphenoid, middle fossa and parasellar) was 44 years. The 


age of the patients was in no way related to the length of history or the 
location of the tumours. 

Sex factor.—In this series of 65 patients, 42 were females and 23 males. 
There was no indication that the sex factor had any influence on tumour 
demonstration. 

Length of history—This was the only guide—though a very rough 
one—to the age of the tumours. Obviously this information could give 
only the minimum age. From this indication of the ages of the tumours 
and a knowledge of their size an attempt may be made to assess their 
rates of growth. In this series (cases of meningioma “en plaque” were 
excluded), the longest history of neurological defect obtained was twenty 
years and the shortest was three months. Division of the cases into vault 
and basal groups shows that the histories tend to be longer in the latter, 
thus: 

Average length of history: Vault ... 1°8 years in 43. 
Base . . . 49 years in 22. 
Bearing in mind that the basal tumours are seldom larger than moderate 
sized it would appear that the vault tumours grow somewhat faster 
than those on the base. Against this it must be appreciated that basal 
tumours tend to affect those areas of brain (apart from the visual 
apparatus) least likely to produce dramatic symptomatology. There is no 
evidence that the length of history has any influence on the “success” 
or “failure” of angiography in demonstrating tumour vessels. 

Blood pressure and cardiovascular system. — Evidence of abnormality 
of the cardiovascular system was based upon clinical enlargement of the 
heart with a raised blood pressure and no valvular lesion. The limits of 
normal blood pressure were those commonly accepted, i.e. Systolic 150, 
Diastolic 90 mm. of mercury. In this series there were 10 patients with 
blood pressures within the ranges of systolic 150-220, diastolic 100-120 
mm. of mercury. 8 of these patients had vault and 2 had basal tumours. 
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6 of the vault and | of the base tumours were demonstrated. There would 
thus appear to be no evidence to support the view that vascular disease 
might cause the failures. 


B. RaprotocicaL FINDINGS 


Before giving an account of the results, a brief description of the 
angiographic technique employed in these cases will be given, followed 
by the diagnostic criteria. 

Angiographic technique—lIn all cases the percutaneous method was 
used. Usually puncture of the common carotid artery was attempted. The 
resultant filling was of external, internal, or of both carotid arteries, and 
on 2 occasions of the vertebral artery. The contrast medium used in all 
cases was Diodone in 35 per cent solution for lateral, 40 per cent or 42°5 
per cent for antero-posterior projections. With 10 c.c. of contrast solution, 
exposures were made as follow: 


(1) Arterial phase— after two-thirds of injection. 
(2) Capillary phase—about 2 seconds later. 


(3) Venous phase— about 4 seconds after injection. 


In nearly all cases there were 2 series of lateral projections of 3 films 
each, and 2 series of antero-posterior views of 2 films each (arterial and 
venous). For the purposes of this paper the type of filling obtained will 
be described as follows: 


(a) External only—External carotid artery alone. 
(b) Internal only—Internal carotid artery alone. 


(c) Combined— __ External and Internal carotid arteries 
filled together. 


Criteria of pathological diagnosis of meningiomata on angiography.— 
That the angiographic appearances of tumour circulation vary in their 
finer detail according to the timing of the exposures must be obvious. 
There are, however, several different appearances now recognized to be 
more or less diagnostic of meningiomata. Wickbom (1948) described three 
such appearances, two of which were diagnostic by virtue of their intra- 
neoplastic vessels. He did not consider his type 111, which consists of a 
perineoplastic vein outlining a well-defined area containing short vessels, 


as absolutely diagnostic. 


As a result of the examination of the angiograms of the 65 cases in 
this series and an additional 20 not included in the series, the writer 1s 
convinced that a natural order of appearances of tumour circulation may 
be observed. The appearances produced by a given tumour on 
angiography will, therefore, represent only a fraction of this 
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order. That this view is correct is borne cut by the researches 
of Curtis (1949) on the serial angiography of the ,angiomata. In 
analysing the possible appearances of meningiomata examined by 
discontinuous angiography, it at once becomes clear that the re- 
sults will vary in accordance with the stage in the circulation a 
which the contrast has arrived at the time of exposure. These stages 
must fall within one of the following groups: (1) Afferent arteries from 
the Internal and/or External carotid artery; (2) Ramifications of arteries 
within the tumour; (3) Arterio-capillary phase; (+) Capillary phase; (5} 
Capillaro-venous phase; (6) Venous phase. 

In addition to this many meningiomata show clear evidence of zoning 
of blood supply from the external and internal carotid arteries. Moniz 
(1929, 1933) has shown that these tumours have this dual blood supply. 
Thus it is not only necessary to appreciate the continuous nature of the 
intraneoplastic circulation, but also the presence of differential blood sup- 
plies within the tumours. With these preliminary remarks it is now 
possible to give an account of the appearances noted in this series. 

The circulation within meningiomata, rendered visible by contrast 
medium, is notable for its strict limitation to a definite area within the 
skull. Broadly speaking, there are two series of appearances of meningioma 
circulation, which appear to be related to their vascularity. Between 
these two fairly well-defined series there are several intermediate forms 
showing features of both series. 

The two series will be styled “A” and “B.” 

Series “A” or “large vessel blush.” The large arteries around and 
within the tumours are the angiographic feature that stands out in this 
group. Some, in the arterial phase, look frankly angiomatous. The vessels 
make their appearance quite early in the arterial phase and tend to persist 
well into the capillary phase: rarely they can be traced through to the 
phlebogram. More usually these large, rather tortuous, vessels gradually 
fade into the general background of the tumour capillary phase as this 
builds up to the fully developed “blush” or “stain.” The capillary phase 
within the tumour may last well into the brain venous phase, before evi- 
dence of venous drainage of the tumour appears. When it does appear it 
is primarily perineoplastic in location (see fig. 1 a and B). 

Series “B” or “Small vessel blush.’—The characteristics of this series 


are as follows: At the tumour site there are many very fine but distinct 


arteries. These usually appear much later in the arterial phase than their 
counterpart in series “A.” The fine vessels rapidly fade into the background 
haze of the capillary filling. The latter quickly develops to product a 
homogeneous “blush” or “stain” which shows no evidence of vessel detail. 
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Fic. 1a and s.—‘Large vessel blush” arterial and venous phases. a, Note many 
large tortuous vessels arising from main artery of supply entering the tumour. }b, 
Diffuse background haze with suspicion of arterial shadows still present, and 
perineoplastic veins draining the tumour, 
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The capillary stage of filling persists much longer in this group than 
series “A.” The blush tends to fade irregularly, frequently at the cent 
first, but occasionally at the periphery. Definite veins draining these 
tumours are not often seen, though displaced cortical veins are frequent 


to be observed, as in series “A.” Fig. 2 is a tracing of an angiogram 
c 


‘7777 
Gy 


7777 7! 


“Small vessel blush.” A tracing showing very fine rather straight vessels 
arising from the superior limb of the carotid siphon. 


a suprasellar meningioma in which the small vessels appear to arise from 
the internal carotid artery. 

Between the large and small vessel blush series there are many grada- 
tions. Not infrequently examples are seen in which features of both series 
occur. For instance, large vessels may be seen early in the arterial phase 
passing into the typical small vessel appearance and on to the classical 
blush and a well-marked venous phase. 

In many cases the tumour circulation is first shown by the development 
in the late arterial and capillary phase of a homogeneous blush. This 
blush is unheralded by large or small arterial channels. The blush fades 
gradually away throughout the venous phase. In one patient, as a con- 
sequence of a temporary hitch during which exposures could not be made, 
the film was exposed 11 seconds after the injection and showed persistence 
of contrast medium in the tumour (fig. 3). 

A further word must be said about the influence of zoning of blood 
supplies to tumours on their angiographic appearance. Occasionally filling 
of the external carotid system occurs, following which a vessel-blush com- 
plex develops in the basal and/or central regions of meningioma. If this 
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Fic. 3.—Persistence of contrast medium in a meningioma 11 seconds following the 
injection. 


Fic. 4. Fic.. 5. 


Fic. 4.—Typical meningioma vessels filled from external carotid artery. 


Fic, 5.—‘Halo blush” produced by filling the periphery of a meningioma from a 
pure internal carotid artery injection of contrast. 





156 GEORGE MONCKTON 


injection is followed up by filling the internal. carotid system alone, tumou 
vessels and a blush appear in the periphery of the tumour (Wickbon 
1950) (see figs. 4 and 5). If angiograms of these two fillings are superimpose: 
it is at once seen that the basal and central regions are supplied almos 
exclusively by the meningeal vessels. From this well-defined zone of bloox 
supply to a total supply from the cerebral circulation all manner of com 
binations may occur. The actual blush formation in these areas is th 
same, passing through the arterial, capillary and venous phases, as it 
“whole”? tumour blushes. 

In some cases it is very difficult to decide whether a given tumout 
showing pathological vessels is a meningioma or glioma. A most valuable 
aid in the differentiation of the two groups, especially those located in 
the parasagittal region, is displacement of the cortical venous channels. 
It is very unusual for a glioma to cause even moderate degrees of displace- 
ment of these veins and when present is strong evidence in support of a 
well-defined extra-cerebral lesion (fig. 6). 


Fic. 6.—Cortical veins splayed by a meningioma. 


It is customary to describe the results of angiography of cerebral 
tumours in terms of skull location, deformation of main cerebral vessels 
and tumour circulation. For purely descriptive purposes this is adequate, 
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ut a more functional conception of tumour-brain relationship is given 
»y the allocation of such tumours to the territories of supply of the main 
erebral arteries. 


Moniz (1929, 1933) points out that meningiomata have three sources 
‘f blood supply. These sources come from the scalp, the meninges and 
the brain. In general, the importance of these blood supplies varies with 
the location of the tumours. Thus, commonly, tumours arising from the 
hase of the skull receive a greater proportion of their blood supply from 
the dura and bone immediately subjacent, whereas many tumours of the 
falx have a minimal dural supply and are mainly sustained through the 
cerebral circulation. Attendance at operation for the removal of some of 
these tumours leads the writer to believe that, with exceptions, the further 
towards the periphery of the main dural vessels the meningiomata occur, 
the greater is the importance of the cerebral circulation to the succour of 
the tumour (vide infra). This idea refers, of course, to vault tumours the 
extracerebral blood supply of which comes mainly from the middle 
‘meningeal artery and secondarily from the scalp, in contrast to those 
tumours on the base of the skull which tend to be supplied by vessels 
through the bone of the base. 

For the purposes of this paper the tumours will be located: 

(1) In the territory of a main cerebral artery. 

(2) In relation to the skull. 

The distributions of the three main cerebral arteries to the cortex are 
shown in diagrams 7, 8, 9, 10, and 11 after Beevor (1908). 

Tumours located in the distribution of the anterior cerebral artery wiil 
be found in relation to the skull and dura mater at, (a) the olfactory 
groove, (b) the falx cerebri to the parieto-occipital sulcus, and (c) the 


superior sagittal sinus and parasagittal region in their anterior two-thirds. 
The middle cerebral artery supplies most of the convexity of the hemi- 


Fic. 7. Fic. 8. 


Fics. 7 and 8.—Average distribution of the anterior cerebral artery—after Beevor 


(1908). 
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9.—Average distribution of the middle cerebral artery—after Beevor (1908 


Fic. 10. 
Fics. 10 and 11.—Average distribution of the posterior cerebral artery after Beevor 
(1908) 


sphere and the antero-lateral half of the undersurface of the temporal lobe. 


Accordingly tumours within this arterial territory will be found in relation 


to the skull at, (a) the lesser wing of sphenoid, (b) the convexity, and (c) 


in the antero-lateral half of the middle fossa. 

The posterior cerebral artery supplies the remainder of the cortex and 
tumours within its territory will be found, (a) in the posterior third of the 
falx cerebri, (b) in the superior sagittal sinus and parasagittal region in 
their posterior third, (c) on the tentorium, (d) parasellar, and (e) in the 
posteromedial half of the middle fossa. 

In cases where tumours were not clearly in the distribution of a main 
artery, they have been allocated to that area in which they gained their 
attachment or fad their greatest bulk. In practice the majority of the 
tumours were quite clearly in the field of supply of a main artery. The 
terminology of tumour locations within the skull is that of Lindblom 
(1936) in his monograph on vascular channels in the skull. 

Figs. 12 and 13 show the blood supply of the dura mater and are based 
on the account given in Gray's Anatomy (30th edition). Examination of 
the diagrams shows that there are junctional areas in the network that 
have a tenuous and meagre vascularization. It is in these situations that 
@ meningioma might be expected to obtain a fair degree of its blood supply 
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INTERNAL CAROTID ARTERY. 


ANTERIOR BRANCH OF MIDDLE 2 ANT. ETHMOIDAL RENTERS « 
MENINGEAL ARTERY. x POST. ETHMOIDAL ARTERY 


POSTERIOR BRANCH: OF MIDDLE RECURRENT BRANCH OF CAROTID ARTERY. 
MENINGEAL ARTERY. S MIDDLE MENINGEAL ARTERY. 

FREE EDGE OF FALXK CEREBRI ACCESSORY MENINGEAL ARTERY. 
LIMITS OF SUPPLY OF MIDOLE P BRANCH OF OCCIPITAL ARTERY TC 


MENINGEAL ARTERY. TENTORIUM 
Fic. 12. Fic. 13. 


Fics. 12 and 13.—Average distribution of the meningeal vessels. 


through the cerebral circulation. These locations are (1) parasagittal, (2) 


falx, (3) anterior and (+) posterior convexity tumours. It appears to the 


writer from observations made during removal of some of these neoplasms 


that the importance of the dural vessels is progressively less the nearer 
the tumour is to the falx. There are, of course, exceptions to this rule. 
The significance and importance of this fact will be apparent at once — 
for if this observation is correct, contrast medium should be directed 
primarily into the internal carotid circulation in cases of tumour suspected 
in these situations. 
ANALYSIS OF RapIOLOGICAL MATERIAL 
(1) Angiograms with tumours in the territory of the anterior cerebral 
artery. 
There were 35 tumours of the series located in the territory of this 
artery, as follow: 
Parasagittal Re sii 32 
Olfactory groove ... ped 3 
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On angiography 22 of these tumours — 2 arising at the olfactory 
groove — were successfully demonstrated by their pathological vessels. 
The remaining 13 were not demonstrated by their vessels. Of the 
infections, 23 were combined (common carotid) and 12 were internal only 
9 injections of the 23 combined failed to demonstrate tumour vessels and 
4 of the 12 internal only also failed. It will be seen from the somewhat 
limited number of cases that there is little difference in the results of the 
two methods of injection in this arterial territory. It must be remembered, 
however, that all the parasagittal tumours were located at the periphery 
of the dural arterial supply and might be expected to obtain most of their 
blood supply from the cerebral circulation. 

(11) Angiograms with tumours in the territory of the middle cerebral artery. 

There were 20 tumours in the territory of this artery located as follows: 

Convexity es = ve — 10 cases 
Lesser wing of ipheneia we a 8 cases 
PRE ral part of middle fossa... 2 cases 

On angiography 14 cases showed evidence of tumour circulation and 
6 cases showed none. Examination of the 6, failures showed that, 2 were 
convexity, 3 were on the lesser wing of the sphenoid and | was in the 
middle fossa. Of these 6 tumours, 4 received internal only injections, 2 
being convexity tumours, | middle fossa and | on the lesser wing of the 
sphenoid, the other 2 failures on the lesser wing received eee 


injections. Internal only injections were successful in 3 convexity and ; 


lesser wing of sphenoid tumours, whereas combined injections Pcie 


strated 5 convexity, 2 lesser wing of sphenoid and | middle fossa tumour. 


(III) Angiograms with tumours in the territory of the posterior cerebral 
artery. 
There were 10 examples of meningioma arising within this territory, 
which were localized as follows: 
Dorsum sellz re 3 ae ae 4 cases 
Medial part of the middle fossa a 5 cases 
Tentorium and falx ia ae me 1 case 
Before analysing these cases further, a word must be said about the 
angiography of the posterior cerebral artery. This artery is only demon- 
strated in about 30 per cent of injections into the carotid circulation, and 
the ideal method of demonstrating it is by vertebral angiography. It 
will be immediately apparent that if a tumour obtains its main blood 
supply from the brain in this area, it cannot be outlined by contrast 
unless the latter fills the posterior cerebral artery. 
Six of the tumours were not demonstrated by their pathological vessels. 
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Che posterior cerebral artery was not outlined in 5 of these cases. In the 4 
‘umours demonstrated, 3 showed the posterior cerebral artery outlined. 
) of these cases were demonstrated from vertebral arterial filling. From 
these figures, small though they are, there is a strong argument for 
attempts to fill the posterior cerebral artery when a tumour is suspected 
in the regions supplied by it. 

IV) Plain X-rays. 

Lindblom (1936) has described in detail the changes to be seen in the 
straight X-rays of the skull produced by tumours. In the present series 
abnormalities were seen on plain X-ray in 54 of the 65 cases. The absolute 
diagnosis of meningioma with accurate localization was obtained in 30 of 
the cases. The abnormalities which may be considered as diagnostic of 
meningioma fall naturally into three groups. These are (1) bony changes, 
(2) vascular changes, (3) calcification in the tumours. The abnormalities 
in these groups found in this series will now be considered in conjunction 
with the results obtained on angiography. 


(1) Bony changes. 

(a) Hyperostosis and sclerosis.—Hyperostosis occurs in two main forms, 
either as a smooth fairly dense enostosis or exostosis, or as a ragged 
localized thickening of the inner table or base of the skull, which may be 
dense or rather porotic. Either of these forms may be associated with 
sclerosis of the adjacent bone. On the lesser wing of the sphenoid and the 
floor of the anterior fossa and olfactory groove, sclerosis is frequently seen 
without accompanying hyperostosis. 

Hyperostosis and sclerosis almost always accompany meningioma eu 
plaque, but in this series no such tumours were included. 

These bony changes were the most common in this series and occurred 
in 22 cases. Sclerosis alone occurred in 9 cases and with hyperostosis in 
2 cases. In 11 of the 22 cases angiography gave the pathological diagnosis. 
4 of the successes were in cases where sclerosis occurred alone, 5 in the 
presence of hyperostosis, and 2 where both abnormalities were present. 
Combined and internal only injections were equally effective in demonstrat- 
ing these tumours and there does not seem to be any specific factor 
influencing success or failure. 


(b) Osteoporosis—This appearance may be produced by infiltration or 
by actual erosion of the skull by the tumour. It is admitted that in some 
cases erosion of bone may occur in the absence of osteoporosis, but usually 
the two changes are seen together. 

There were 11 cases in the series showing these abnormalities. There 
were 2 cases in which a large area of the skull was seen to be osteoporotic, 
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and appeared very similar to that seen in the localized form of Paget’ 
disease of the skull. 

7 of the tumours were demonstrated by angiography. There was n 
evidence that the type of injection influenced the results of angiography 

(c) Decalcification of the sella turcica—TIn 17 cases partial decalcific 
tion of the sella turcica occurred, presumably because of raised intracranial 
pressure. Papilleedema was not present in several of the cases showin 
this bony change with tumours situated at a distance from the sella. In 
3 cases this was the only change in the plain X-rays of the skull. In 
of these angiography gave the pathological diagnosis. 

Angiography demonstrated the tumours in 12 of the 17 cases. Both 
internal only and combined injections were equally successful and ther 


is no evidence that this bony change affected the results of angiography 


(2) Vascular changes. 

(a) Enlargement of the foramen spinosum.—In 29 cases there was gross 
asymmetry of the foramina spinosa with or without the “corkscrew” 
middle meningeal artery groove described by Lindblom (1936). 22 of these 
29 tumours were demonstrated by angiography. There was no suggestion 
that either combined or internal only injections were more successful in 
these cases, or that this abnormality affected the results of angiography. 

(b) Localized vascularity of the skull—Two main forms of localized 
vascularity in the skull were seen in this series. First, a network of fairly 
wide vascular channels—often in stellate form—from which one or more 
large channels could be seen running to a dural sinus such as the 
petrosphenoidal or temporosphenoidal sinuses. Second, an appearance ol 
the bone resembling a very fine honeycombing of the inner table of the 
skull. This appearance seems to be due to many fine vessels passing 
through the skull seen end-on. There were 15 cases in the first group and 
8 cases showing the end-on appearance. 

10 of the tumours in the first group and 7 in the second were demon- 
strated by angiography. There is no suggestion that combined injections 
were more effective than internal only in the first group, or that this 
increased vascularity in the skull aided tumour demonstration. In the 


second group, however, 7 of the 8 tumours were demonstrated mainly by 


combined injections. This high success rate would seem to indicate that 
tumours producing this vascular change in the skull are more easily 
demonstrated. 
(3) Calcification in the tumours. 

Calcification was seen in 6 of the tumours, 2 being basal and 4 vault 
growths. The calcifications were of three kinds, (a) floccular, (b) linear, (c) 
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wheel-like. The floccular variety was seen in 4 cases, usually in close 
clation to hyperostosis, and was not well defined. The linear type was 
seen as a crisp, clean, curved line, presumably in the capsule of the 
tumour. The wheel-like appearance was seen in one case and consisted 
if a circle of calcification, from which radiated inwards finer lines of calci- 
lication, the spokes, to a central harder shadow. 

Angiography made the absolute diagnosis in 2 of the tumours. The 
type of injection used did not appear to affect the angiographic results, 
and it appears that calcifying tumours are more difficult to demonstrate. 


C. ParHoLocicaL FINDINGS 

It was decided at the outset of the investigation to examine the tumours 
is soon as possible after operation and determine their physical, vascular 
and histological properties. Unfortunately 24 of the tumours were not 
available, and histological study was only possible in the remaining 41. 
Of these +1 tumours only 25 were suitable for the special staining methods 
tor demonstrating the vascular patterns, and the section of this survey 
1eferring to vascularity will be confined to the results obtained in these 25. 


Physical features——The physical features to be described are size, age 
and location of the tumours. 

(1) Size: Most meningiomata undergo shrinkage on removal from the 
brain. This would appear to be due to the reduction in their blood con- 
tent, which occurs when the afferent vessels are clipped at operation. The 
ideal dimensional measurement would be weight and volume from which 
a reasonably accurate assessment of tumour size could be obtained. Unfor- 
tunately, until recently, only weights and linear measurements were made, 
and it has been necessary to employ the purely clinical measure of “large,” 
‘modderate” and “small.” To make this intelligible, I have arranged the 
tumours arbitrarily into these categories by using linear measurement 
ranges for each group. Thus, tumours in the “large” category are not 
smaller than 6 x 6 cm., “moderate” not smaller than 4 x 4 cm., and 
“small” less than 4 x 4 cm. Using this scale it was not possible to find 


any correlation of size with liability to “blush,” nor was there any evidence 


that location, other than the broad division into basal and vault tumours, 
had any influence on the size of tumours. It has already been pointed 
out in this paper that basal tumours rarely attain “large” proportions, 
and in this series the majority were of “moderate” size. 

(2) Age of tumours: As has been shown, the length of history is the 
only guide to the age of tumours, and this can only indicate the minimum 
age of the growth. Usually basal tumours are more slow growing than those 
of the vault. There was no indication in this series that the age of the 
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tumours bore any relation to their size. There were several instances of 
long histories associated with “small” tumours and vice versa. The ages 
of the patients did not appear to influence the size or rate of growth of 
the tumours. The length of the histories of the tumours seemed to have 
no relation to the demonstration of tumour circulation by angiography. 


(3) The location of the tumours: Details of tumour location were noted 
in the analyses of the angiographic results. It is sufficient to point out 
here that 32 tumours arose in the region of the sagittal sinus, 21 of these 
in the middle third position, whereas only 10 occurred on the convexity 
of the skull. The remaining 23 of the series arose from the base of the 
skull, 

There was no evidence that location had any influence on the liability 
of the tumours to be demonstrated by angiography. 

(4) Vascular pattern, vascularity and histology: Since the introduction 
of the Benzidine staining technique for the demonstration of capillaries by 
Lepehne (1919) and later by Pickworth (1934), several studies of the vas- 
cular patterns of intracranial tumours have been made. Campbell, 
Alexander and Putnam (1938) described the vascular pattern seen in a 
single meningioma. Alexander and Sahs (1938) described their observations 
in 5 meningiomata in a survey of the vascular arrangement of certain 
intracranial tumours. Sylvano Arieti (1942) using the Eros fuchsin staining 
technique (1941) described + meningiomata. Apart from these isolated 
reporis, no large series of meningiomas has been studied with the benzi- 
dine staining method. 

Methods. — For the reasons given above 25 of the tumours were 
examined by the benzidine staining technique to assess their vascularity 
and angioarchitecture. The tumours were fixed in formol-saline for not 
less than ten days. Frozen sections were cut 200 microns thick from cross- 
section slices through the greatest diameter of the tumours. The sections 
passed through the dural attachments, so that all parts of the tumour 
were represented in a given series of sections. The majority of the sections 
were then stained by the Pickworth benzidine method (1934) with the 
minor modification of omitting the gum phenol immersion stage. Some 
were stained by the Method “I” advocated by Doherty et al. (1938), since 
they were from tumours fixed unduly long in formol-saline. The stained 
sections were examined with a binocular dissecting microscope. 

Observations.—Five fairly distinct types of vascular pattern were found 
represented in this series. The case distribution is seen in Table I. It 
will be remembered that all the cases were investigated by angiography. 
The angiograms were re-examined post-operatively for evidence of circula- 
tion within the tumours. In Table I all forms of visible tumour circula- 
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tion are denoted as “pathological vessels.” References to the histological 
status of the tumours is in accordance with the classification of meningio- 
mata proposed by Bland and Russell (1938), based on that of Bailey and 
Bucy (1931). 

Type I: There were 4 tumours in this group, 3 of which were very 
large and | of moderate size. The duration of symptoms ranged from 
three months to five years, while the ages of the patients from 42 to 58 
years. All the tumours arose from the vault of the skull. All were cellular 
(endothelial and fibrocytic) meningiomata and 3 contained psammoma 
bodies. These tumours belonged to the fibroblastic Group 2 of Bland and 
Russell. Tumours 21251 and 22522 (Table I, see page 166) showed patho- 
logical vessels on angiography, and other 2 produced shift of the main 
cerebral vessels. 

The tumours were characterized by their paucity of large vessels. Such 
as were present were located at the periphery in the subcapsular region. 
The main mass of the tumours had a very characteristic capillary bed, 
which consisted of fine vessels, roughly following the lines of the tumour 
cell bundles. The latter were irregularly disposed in streams and whorls. 
The capillaries anastomosed with one another by fine connecting vessels. 
Thus two capillaries running along opposing sides of a tissue bundle were 


joined by fine capillary loops at irregular intervals. This gave the appear- 
ance of a rope ladder, the rungs of which were composed of junctional 
capillaries (fig. 14). None of these tumours appeared to have a very large 


Fic. 14.—Tumour 18269. Angioarchitectural type 1. x 35. Shows fine capillary 
network and psammoma bodies. 
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blood supply, and it was probable that they were supplied equally from 
the brain and dura mater, since at operation the dure maters, were not 
excessively vascular and there were only moderate numbers of tumour- 
brain anastomoses. Fig. 15 shows diagrammatically the vascular pattern 


of this type. 


ioe” TUMOUR CAPSULE . 


—— DURA MATER. 


Fic. 15.—Diagrammatic representation of angioarchitectural type I. 


Type II: There were 4 tumours in this group, 3 of which were of 
moderate size and the fourth was small. The duration of symptoms ranged 
from six months to four and a half years, and the ages of the patients 
from 44 to 75 years. 

2 of the tumours arose from the vault and 2 from the base of the skull. 
All were multilobulated, cellular (endothelial meningiomata; | containing 
psammoma bodies. All these tumours belonged to the endotheliomatous 
Group | of Bland and Russell. On angiography 3 tumours were demon- 
strated by their pathological vessels. Tumour 20920 (Table I) only pro- 
duced shift of the main cerebral vessels. 

The outstanding features of this group will be described in two parts. 
First, there was a subcapsular capillary loop system occupying the peri- 
pheral | mm. of the tumour. This system, while basically similar in all 
cases, varied in each case in finer detail. In its simplest form it consisted 
of a series of capillary loops, which, based on a stratum of supracapillaries, 
ran perpendicularly towards the surface and after a short distance divided 
dichotomously; the two branches then anastomosing with their immediate 


neighbours (fig. 16aB). In one case the “arcade” system was composed of 


large supracapillary vessels, amongst which free anastomosis occurred. 


The capsular vessels of which there were few, sent small branches into 


the arcade system at irregular intervals (fig. 17). 
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Fic. 16.—Tumour 20920. Angioarchitectural type II. x35, (a) Capillary 
“arcade” system. (f) Basal supracapillary vessels and refractile band of tissue in 
which they run. (y) Central perilobular capillary system. 


The second feature of this group was the internal vascular system. This 
was composed of perilobular capillaries, which arose from supracapillary 
vessels in the interlobular spaces. This gave the central pattern an irregular 
appearance, depending largely on the arrangement of the tumour lobules 
(fig. 16 y). The central vascular system anastomosed with the peripheral 
through the basal vessels of the arcades. In one tumour in the group, 
the central pattern was composed in part by long fine capillary loops 
rising up from the region of the dural attachment. The distinction between 
these two systems was accentuated in each case by the presence of a refrac- 
tile band of tissue running under the base of the arcades. While there 
were a few capsular vessels irreguarly disposed on the surface of these 


tumours, the main blood supply appeared to come from the dural attach- 
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Fic. 17.—Tumour 22206. Angioarchitectural type Il. x 35. (8) More complex 
arcade system. The plane of section is oblique to the line of arcades. (¢) Basal 
zone. (¢) Central system consisting of capillary loops and perilobular capillaries. 


Fic. 18.—Diagrammatic representation of angioarchitectural type II. 


ment whence the basal vessels of the arcades arose. Fig. 18 illustrates 
diagrammatically the vascular pattern of this type. 

Type II: This group consisted of 7 tumours, 3 being very large and 
the remainder of moderate size. The duration of symptoms ranged from 
three months to eleven years and the ages of the patients from 37 to 64 
years. 6 of the tumours arose from the vault and 1 from the base of the 
skull. All the tumours in this group were composed of endothelial cells 
arranged in whorls and sheets of cells. 2 showed the presence of some 


collagenous material and psammoma bodies. All the tumours were of 
the endotheliomatous Group I of Bland and Russell. Three tumours, 
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(9310, 21638, 24120 (Table I), showed pathological vessels on angiography. 


The remainder showed only shift of the main cerebral arteries. 


Fic. 19.—Tumour 17310. Angioarchitectural type III. x 35. Periphery of tumour 
showing compound capillaries with daughter loops. 


Fic. 20.—Tumour 22359. Angioarchitectural type III. x 35. Compound capillaries 
which formed the vascular bed of the tumour. 
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The capsular vessels of all the tumours had an irregular distribution 
which had anastomotic branches passing into the substance of the neo- 
plasms. The main intraneoplastic vessels were evenly distributed through 
out and gave rise to supracapillary vessels; these either broke down t 
perilobular capillaries or terminated in compound capillaries. There wer: 
two varieties of the latter in this series. The first of these were the 
multilooped capillaries. A supracapillary was seen to give rise to a loop, 
on the course of which, one or more “daughter” loops were given off 
(figs. 19, 20). The second variety was the “glomerular” formation (fig. 21). 


. 21.—Tumour 20287. Angioarchitectural type II. x 250. Typical glomerular 
compound capillary. 


A capillary was seen to enter a well-defined tangle of capillary loops, which 
gave the appearance of two or more superimposed figures-of-eight. Com- 
pound capillaries were sparsely scattered throughout tumour 19377 (Table 
1), the remaining vessels being perilobular in arrangement. 3 tumours 
showed both types and 4 had only one type of compound capillary. 

The vascularity of the tumours in this type showed considerable varia- 
tion, and most of them received a fairly rich blood supply from the dura 
mater and an additional supply from the brain. Fig. 22 shows diagram- 
matically the vascular pattern in this type. 


Type IV: There were 8 tumours in this group, all of which were 
of moderate size only. The duration of symptoms ranged from four 
months to seven years, while the ages of the patients from 37 to 66 years. 
6 of the tumours arose from the vault and 2 from the middle fossa of 
the skull. 5 of them were cellular (endothelial), very vascular endothelio- 
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CAPILLARY LOOP 


SUPRACAPILLARY 


DURA MATER 


2.—Diagrammatic representation of angioarchitectural type Il. 
matous Group I, and 3 were angioblastic meningiomata, Group 3 of Bland 


and Russell. All the tumours showed streams of cells and whorl forma- 
tion. 7 of the tumours showed pathological vessels on angiography. 


“A 5. 


“\ omy oi 
A siding a 7K 


Fic. 23.—Tumour 13007. Angioarchitectural type IV. x 35. Survey of part of 
tumour showing focal nature of the vascularity seen in cross-section. 
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Tumour 20847 (see Table I) produced minimal shift of the main cerebral! 
vessels. 

The angioarchitecture of this group was striking. All were permeated 
by large, tortuous vessels with thick walls which were distributed in foci 
throughout the neoplasms. These vessels showed a marked tendency to 
anastomose one with another, and were usually in the centre of a mass of 
supracapillary vessels. This appearance was commented on by Bertha 
(1939) in his paper on the angioarchitecture of cerebral tumours. The 
impression produced being that of foci of dense vascularization. Tumour 
13007 (Table I) showed many compact masses of vessels separated from 
one another by a fine perilobular capillary network (fig. 23), and such a 
clear picture was not apparent in all the tumours, but every one showed 
at least three or four such foci in each section. A second feature of the 
group was the presence of irregular supracapillary sinusoidal vessels, 
indiscriminately scattered throughout the sections (fig. 24). Compound 


~* 


24.—Tumour 12706. Angioarchitectural type IV. x 150. Sinusoidal vessels 
arranged in rough perilobular fashion. 
. g 


capillaries occurred in 3 of the tumours, | showed both types and the 
other 2 the glomerular variety alone. All the tumours were very vascular 
and at operation had a considerable blood supply from the brain much 
in excess of the dural supply. Fig. 25 indicates in diagrammatic form the 


vascular pattern in these tumours. 
Type V: There were only 2 tumours in this group, both of which were 
moderate sized. The duration of symptoms was three and eight months 
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ETO 


Fic. 25.—Diagrammatic representation of angioarchitectural type IV. 
g g ) 


respectively, and the ages of the patients 64 and 43 years. Both arose 
from the vault of the skull. One of the tumours was a very vascular, 
cellular (endothelial) meningioma of Group | and the other was an angio- 
blastic meningioma Group 3 of Bland and Russell. Both showed lobulation, 
cell streams and whorl formation in their stroma. Both tumours were 
demonstrated on angiography by their vessels. 

The vascular pattern of these tumours was distinctive in that it was 
composed of supracapillary vessels with smooth, even contours, which 
anastomosed with each other and rapidly broke down to a fine capillary 
network. None of the tumours in the other groups had such a fine mesh 
network of capillaries. Both tumours had moderate numbers of capsular 
vessels with branches supplying the interstices through the subcapsular 
capillaries which tended to run parallel to the surface. The angioblastic 
meningioma had a large nodule that was relatively avascular, and micro- 
scopically consisted of sheets of cells but very few vessels. Neither of 
these tumours appeared to have a blood supply of any size from the dura 
mater (figs. 26, 27). 

Examination of Table I will show that correlation may be made with 
cell type only in those tumours in angioarchitectural type 1, in that these 
neoplasms were all fibroblastic meningiomata. These 4+ tumours had the 
same macroscopic features of relative hardness and had an almost shot 
silk appearance on the cut surface. 

In 1927 Professor Egas Moniz, speaking before the Société de 
Neurologie de Paris, said: 

“la visibilité du réseau artériel une fois obtenue, nous devons en avoir 
une figure normale assez constante. S’il existe une néoplasie cérébrale, le 
réseau doit, au moins dans certaines régions, présenter des modifications 
assez importantes pour préciser, sinon toute l’extension de la tumeur, au 
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Fic. 26.—Tumour 20482. Augioarchitectural type V. x 35. Smooth even supra- 
capillaries dividing rapidly into a very fine perilobular network of capillaries. 


(am 


Fic Diagrammatic representation of angioarchitectural type V. 


moins un des point ot se produit l’écartement des filets artériels. 
Quand les tumeurs sont trés vascularisées, on pourrait, trés probablement, 
obtenir une tache visible par la pénétration du liquide opaque aux 


rayons-X.” (The italics are those of the present writer.) 
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This forecast has been largely fulfilled. Reference to Table | will show 
that pathological vessels within the tumours were demonstrated by angio- 
graphy in 9 of the 15 cases in angioarchitectural types | III, whereas 9 
tumours in 10 were shown in this way in angioarchitectural types [V and 
V. Arrangement of the vascular patterns in order of vascularity shows 
that type I is the least and type V the most vascular, with types [I-IV 
ranged in numerical order within that range. ‘Tumour vessel demon- 
stration by angiography cannot be dependent upon vascularity alone since 
half the tumours in types I-II were so demonstrated under similar con- 
ditions. Table I also shows that no correlation could be made between 
angioarchitectural type and age of the patients, length of history, location 
of the tumours or the type of contrast injection made. 

As has been pointed out already, correlation between cell type and 
angioarchitectural type was only possible in tumours in angioarchitectural 
type I. No correlation could be found between cell type and the liability 
to show pathological vessels or the appearance of those tumour vessels 


on angiography. 


PHYSIOLOGICAL FINDINGS 


D. 





The assessment of the results of an investigation of this nature is not 
casy, because of the number of uncontrollable variable factors. Of these. 
the most elusive is the status of the cerebral circulation at the time of 
the angiographic study. There can be no doubt that considerable varia- 
tions in cerebral blood flow and cerebral vessel resistance (cerebral blood 
flow /blood pressure) occur from moment to moment. Further, as Kety, 
Shenkin and Schmidt (1948) have shown, there is a steady reduction in 
the cerebral blood flow in proportion to the rise in intracranial pressure. 
Unfortunately, it is often impossible to obtain information as to the intra- 
cranial pressure in a large number of cases because lumbar puncture is so 
rarely performed in this type of patient on account of the attendant risks. 
Any attempt at clinical assessment of the degree of raised pressure must 
be too inaccurate to be of value. It is well known that papilloedema is no 
indication of raised intracranial pressure. It is not possible for the writer, 
therefore, to arrive at any definite conclusion as to the effect of this factor 
on the results of angiography. On theoretical grounds it might be sup- 
posed that those patients with greatly raised intracranial pressure would 
have the highest contrast concentration in the cerebrovascular tree, since 
the reduced blood flow would minimize the dilution of the contrast. It 
has also been shown by Klvidge (1938) that the presence of vascular 
tumours produces a slowing of the circulation within the hemisphere con- 
cerned. It would seem, therefore, that with vascular neoplasms, raised 
intracranial pressure should enable the contrast medium to penetrate the 
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tumour in the maximum concentration. As a corollary of this, relatively 
ivascular meningiomata causing raised intracranial pressure might be 
expected to show up more readily than those with normal pressure, not 
so much because of a slower circulation rate but rather because their 
contained contrast would be more concentrated. 

Examination of the 25 cases in which angioarchitectural studies were 
made, produced no conclusive evidence on this point. Thus, there wer 
very vascular and relatively avascular meningiomata in patients with 
raised intracranial pressure (ascertained at operation) in which no “blush” 
was obtained on angiography, and vice versa. Similarly, vascular and 
avascular tumours were demonstrated by angiography without definite 
raised intracranial pressure and vice versa. 

Review of the angiograms in the whole series has shown that there 
is considerable variation in the distribution of contrast medium within 
the hemisphere concerned. The best examples of this “zoning” of con- 
trast were seen in the distribution of the anterior cerebral artery. It was 
not infrequently observed that while fair filling of the middle cerebral 
artery was obtained, the anterior cerebral artery was poorly, if at all, 
defined. Repeated angiograms on the same patient have sometimes 
demonstrated this vessel satisfactorily. One is, therefore, forced to the 
conclusion that the distribution of contrast medium within the cerebro 
ascular tree is not constant even in the same patient. It was thought 
that this zoning of contrast medium might play a part In causing the 
failures. In the absence of standards of accurate measurement of contrast 
density, naked-eye observations did not support this view. Indeed, one 
was often to see a good blush in the presence of poor contrast filling of 
the vascular tree. 

From what has been said, it will be clear that more information is 
required as to how the cerebral circulation is affected by the presence 
f neoplasms before any satisfac tory conclusions may be drawn as to the 
significance of physiological factors in causing the failure to demonstrate 


the vessels ig tumours, and meningiomata in partic ular, by angiography 
CONCLUSIONS AND SUMMARY 


An investigation has been carried out to determine at least some of 


1 


the causes of the failure to demonstrate the pathological vessels of certain 


meningiomata by cerebral angiography. The study was carried out on 


65 patients with supratentorial meningiomata, and was made along four 


main lines. These were: A, Clinical: B, Radiological: C, Pathological: 
LD, Physiological. 
A. Clinical findings——There was no evidence that the age or sex of 


the patients, length of history or the state of the cardiovascular system 
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had any bearing on the likelihood or otherwise of tumour pathological 


vessel demonstration. 






B. Radiological findings—(1) Angiography: The main criteria for 





diagnosis of meningioma by pathological vessels are given, 






The neoplasms were located in relation to a main cerebral artery and 
to the skull. 


The results of angiography in 35 meningiomata arising in the territory 






of the anterior cerebral artery show that the best hope of demonstrating 






tumours in this region is by filling the internal carotid artery system. 


< 






There were 20 cases of meningioma in the territory of the middle 






cerebral artery. The results of angiography are equivocal but the best 






hope of demonstrating these tumours appears to be by filling both internal 






ind external carotid arteries. 







10 tumours were located in the territory of the posterior cerebral 


artery. Evidence is given indicating that efforts should be made to fill 






this vessel with contrast in patients suspected of tumour in this arterial 





territory. 






(2) Plain X-rays: In this series 11 of the cases had normal plain X-rays 






of the skull. Of the 54 cases showing abnormalities only in 30 of these 





could the diagnosis of meningioma be made with confidence. The abnor- 






malities were classified as (a) bony changes. (b) vascular changes, (c) 






calcifications within the tumours. 












(a) Bony changes.—Vhe commonest changes were hyperostosis and 


sclerosis which occurred in 22 cases. Osteoporosis occurred in 11 cases. In 






17 cases partial decalcification of the sella turcica was seen and in 3 cases 





was the only abnormality present. 





(b) Vascular changes.—Enlargement of the foramen spinosum with, or 





without, a “corkscrew” middle meningeal arterial groove, was scen in 29 







CaSes. 





Localized vascularity of the skull either as a network of wide vascular 


channels or as the end-on vessel appearance occurred in 23 cases. Kight 





of these showed the end-on appearance. 






(c) Calcification in the Tumours.—6 of the tumours showed calcifica- 






tion on plain X-ray. Three types of calcification were seen, floccular, 





linear, and wheel-like. 





No evidence could be found that these plain X-ray changes were related 


to the results of angiography, except perhaps the presence of calcification. 






C. Pathological findings—There was no correlation between angio- 





graphy and tumour size or age (in terms of length of history). 
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25 of the tumours were histologically examined by routine methods 
No cytological correlation could be made with the angiographic appeal 
ances or results. 

The vascular patterns of these tumours were examined by the methods 
of Pickworth and of Doherty et al. (method 1). Five fairly distinct angic 
architectural types were noted. The tumours in the most vascular types 
[V and V were more easily demonstrated. 

D. Physiological findings —Attention is drawn to the fact that in many 
angiograms “zoning” of contrast medium is observed within the cerebro 
vascular tree. This “zoning” did not appear to be responsible for th« 
failure to demonstrate the meningiomata by their vessels. 

It will be seen from these results, that no one cause for the failure ol 
demonstration of the pathological vessels by angiography in these tumours 
can be indicated. ‘The main value of the work has been to show what 
factors are not concerned in the causation of the failures. 

The writer feels that the most likely main causes are the effects of an 


expanding lesion on cerebrovascular physiology, which have yet to be 


worked out. The particular aspects of cerebrovascular physiology that seem 


especially pertinent are the effects of a space occupying lesion in terms of 
local stresses upon the neighbouring vessels and the effects of cerebral 


perineoplastic cedema upon the cerebral circulation. 


[ wish to express my thanks to the medical committees of the National 
and Maida Vale Hospitals for permission to utilize case records, and in 
particular to those under whose care the patients were. 

[ would like to acknowledge my indebtedness to Dr. W. Blackwood 
without whose help the pathological aspect of the work would not have 
been done. 

Finally, I wish to thank Dr. J. W. D. Bull for much helpful advice wit! 
the radiological part of the work, and for invaluable criticisms in reading 


the manusc ript. 
This work was aided by a grant from the Rockefeller Research Fund 
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THE CLINICAL PRESENTATION OF THE CEREBRAL ANGIOMA 


A Review or 50 Cases 
BY 


IAN MACKENZIE 


(From the National Hospital, Queen Square, London) 


THe cases about to be considered belong to a group in which an 
arteriovenous communication is established through the medium of a 
mass of abnormal cerebral vessels which take the place of the usual 
capillary bed. Dandy (1928), who was one of the first to describe these 
lesions in detail and at length, objected to the term angioma as one 
erroneously given under the impression that they were new growths. That 
they were not, in fact, new growths was the opinion held by Virchow and 
this opinion has never been seriously challenged since his day but the 
term angioma is retained, as one in common clinical use, to designate 
what is generally accepted as a vas¢ ular malformation of congenital origin. 

Such malformations are not peculiar to the brain but although their 
general structure was fully described some thirty years earlier, it is not 
much more than fifty years ago that the first presumptive diagnosis of a 
cerebral angioma was made during life. 

Although known not to be tumours it was, in fact, as suspect cerebral 
tumours that they at first presented clinically and it was usually only at 
exploratory craniotomy that they were recognized for what they were. It 
was thus the neurosurgeons who were in a position to give the early 
descriptions of their presentation and behaviour and the classical papers 
on the subject are those of Dandy (1928) and of Cushing and Bailey (1928). 

Thus Dandy (1928), describing 8 cases, all male, found the symptoms 
to be fairly uniform and characteristic and to consist of focal epileptic 


attacks followed by transient loss of sensation or motor power in the 


part affected by the convulsion and a gradually progressive motor or 


sensory hemiplegia of the affected side. The symptoms were usually of 
many years’ duration, often beginning in childhood but sometimes not 
until middle life. General pressure symptoms, like those of a tumour, 
occurred in a minority of cases and cerebral hemorrhage, the principal 
cause of death, in about 40 per cent. 

Cushing and Bailey (1928), also, mainly by direct observation 
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distinguished between arterial and venous angiomas and held that there 
may be a difference in the clinical signs of these two types. They found, 
however, that their differentiation was made easier by the distinctive 
appearances of the purely venous and arteriovenous lesions at operation, 
particularly when there was a bruit, the presence of which indicated that 
the lesion was arterial, and, on the other hand, the absence of which 
confirmed, in the first 5 cases quoted, the diagnosis of venous angioma. 
It seems likely now that this was an artificial distinction and that the 14 
angiomas described were truly arteriovenous, the arterial component being 
in some cases prominent but in others invisible, on account of overlying 
dilated veins, and inaudible. 

Only brief discussion is given to symptoms but 3 of the patients with 
‘venous’ angioma had epileptic attacks as did 5 of the 9 with an arterial 
angioma, 2 of the 9 being, however, cerebellar cases. In 2 out of 3 cases 
in which the occipital lobe was involved there was no epilepsy and the 
prominent feature was headache. It was, however, really on the discovery 
of an audible bruit that the diagnosis was made clinically and in the 
absence of this and of extracranial vascular manifestations a diagnosis 
was held to be difficult or impossible. Rupture of a vessel was recognized 
as a common terminal episode and this made the prognosis uncertain, if 
not actually bad, on account of the likelihood of serious secondary vascular 


effects, although some patients were known to escape both. 


The stimulus of these two publications, both in 1928, led to several 
scattered reports of cases but it was not until 1936 that another monograph 
appeared on the vascular malformations and tumours, in one section of 
which Ténnis (1936) considered a number of patients with arteriovenous 
aneurysms, many of whom had been under the care of Olivecrona. He 
recorded a series of 22 cases in some of which a presumptive diagnosis 
was confirmed before operation by arteriography. He concluded that the 
most important clinical sign remained an audible bruit, though this was 
found in only + cases. Many had Jacksonian attacks which led in time to 
motor or sensory changes and if to this picture was added, for example, a 
subarachnoid hemorrhage then the diagnosis of angioma became a strong 
possibility. In general, the clinical pictures are only sketchily considered. 

Northfield (1940) recorded some personally observed cases _ ol 
angiomatous malformations of the brain in general. Of these, 
9 could be regarded with certainty as arteriovenous angiomas, 
one of which was in the posterior fossa. He _ reviewed his cases 
in the hope of showing that the diagnosis may frequently be suspected 
from the clinical evidence alone. Although not the first to do so, he 
gave a good account of a case in which periodic headache had been the 
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outstanding complaint for thirty-seven years and described the headache 
in such cases as 


usually fairly intense, may be described as throbbing and may aftec 


side of the head, usually the side on which the angioma is situated 


nl 1k 
It may last for many hours and be quite disabling. It tends to recur periodical] 
and, like migraine, may be associated with visual hallucinations and wit! 


epileptiform manifestations.” 

Northfield also observed that the cases of angioma which present 
with headache and epilepsy and those which bleed tend to ferm = two 
well-defined groups. 

He found a bruit present in 3 of the 9 angiomas regarded a 
arteriovenous. 

The series reported earlier by Ténnis was added to by Olivecrona (1948) 
by which time he had had experience of 42 additional cases, again 
described as arteriovenous aneurysms. The symptoms were considered 
at some length and the cardinal signs held to be epileptic fits, subarachnoid 
hemorrhage and hemiplegia. Other signs less common but occasionally 
in combination with one or more of the preceding symptoms were held 
to be pathognomonic, particularly a systolic bruit or calc ification of typical 
appearance. 

The first symptoms usually occurred at a comparatively early age, 
in the majority of cases during the second or third decade. In nearly half 
the first symptom was an epileptic fit: in about one-fifth cerebral 
haemorrhage with hemiplegia was the first symptom and in another one- 
fifth the illness was initiated by a typical subarachnoid hemorrhage. 

Epileptic fits were not only the commonest initial symptom but the 
most constant of all, being absent in only 13 cases out of 43, in two of 
which the aneurysm was located in the posterior fossa. “The epileptic 
fits in cases of arteriovenous aneurysm,” Olivecrona writes, “frequently 
have the character of Jacksonian seizures although the true hemiplegic 
pattern of the fit is observed only in a few cases. Spread of the discharge 
to the other side and loss of consciousness are far commoner, sensory 
Jacksonian fits are occasionally seen and a sensory aura followed by one- 
sided or generalized conclusions may also be observed. Post-ictal paralysis 
or aphasia, usually lasting only a few hours, is not common but may be 


encountered. The frequency of epileptic attacks in cases of arteriovenous 


aneurysms is extremely variable. When these occur in the form of 


generalized convulsions, with or without a beginning Jacksonian seizure 
or aura, the interval between attacks is frequently long—several months 
or even years. Pure Jacksonian fits usually have a much greater frequency 
and may, periodically at least, occur daily or several times a day. The 


general impression of the character of epileptic manifestations of arterio- 
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venous aneurysms is that there is much more variation with regard to type 
and frequency of attacks than in cryptogenic or traumatic epilepsy.” 

Subarachnoid hemorrhage was observed in 15 cases (35 per cent) and 
was the initial symptom in 11 (26 per cent). A tendency for subarachnoid 
haemorrhage to recur was noted. 

Hemiplegia, apart from the transient hemiparesis sometimes observed 
immediately after an epileptic fit, occurred in about half the cases. In 
1+ cases hemiplegia occurred suddenly as a result of cerebral haemorrhage; 
in the remaining cases the onset was gradual, being occasionally caused 
by thrombosis or, more frequently, by the relative anemia in the distri- 
bution of the middle cerebral artery, resulting from the short-circuiting 
of the blood through the aneurysm. Sensory and aphasic disturbances 
may, of course, be present. 

Headache was a frequent complaint, occasionally closely stimulating 
migraine. In all cases of this nature the aneurysm had been in the 
occipital lobe. In only | of his 42 cases, and that in a youth of 19 who 
for eight years had had Jacksonian fits, did Olivecrona find attacks of 
typical migraine, preceded by scintillating scotoma, which had begun 
to occur only four years before admission. Papilloedema and other signs 
of increased intracranial pressure were usually lacking. No case of increased 
vascularity of the eye-grounds and tortuosity of the retinal vessels was 
observed except in a case with arteriovenous aneurysm of the retina. 

A bruit was heard in only 8 cases (19 per cent). 
Mental changes were observed in about half of the cases, in half of 


which again the changes were slight. 


As recently as five years ago, the diagnosis of cerebral angioma was 
apt to be missed in what would now seem to be fairly typical cases and 
in others in whom, though not typical, arteriography would now be 
regarded as the investigation of choice. It is to the development and 
perfection of percutaneous arteriography that must be attributed not only 
au greater awareness of the cerebral angioma, but also the realization that 
an angioma is not, as was thought until recently, a rare lesion. In addition, 
this new method of investigation, by facilitating diagnosis, has added 
greatly to the knowledge of the ways in which angiomas can present. 
Finally arteriography has occasionally established the diagnosis where 
there seemed little if any reason to entertain it. 

The diagnosis is moreover one of importance in that appropriate treat- 
ment can be instituted when the size and situation of the angioma are 
favourable. 

This treatment is now surgical. Until recently an operative attack on 


angiomas was generally held to be ineffective or disastrous. 
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The critical investigation is naturally that of arteriography. The 
cases now to be considered were studied in order to analyse the initial 
symptoms, the natural history of the cases and the signs present when 
the patient finally came under observation. In this way it was hoped t 
determine clinical patterns, the recognition of which would suggest the 
diagnosis of angioma and thus indicate the necessity for further investiga 


tion by arteriography. 


CxuinicaL MATERIAL 


This consists of 50 consecutive cases of angioma diagnosed by arteriography 
in the National Hospital, Queen Square, between September 1946 and June 195] 
Of these all were intracranial and supratentorial except one which was apparent], 
confined to the orbit although receiving part of its blood supply from the internal 
carotid artery, The diagnosis was ultimately a radiological one and, whether larg 
or small, all appeared to be composed—although in widely varying proportion—o! 
both arteries and veins so that they were, in fact, arteriovenous malformations 


FREQUENCY 
There is no longer any justification for regarding the cerebral angioma 
as representing a certain percentage of verified cerebral tumours and no 
effort has been made to determine this figure. The true incidence in 


this series seems to be about | per cent of all neurological admissions 


SEX AND AGE 

Olivecrona has found, in his own series and those of others, a much 
greater frequency in males than females and has stated that arteriovenous 
aneurysms are twice as common in males as in females. Dandy himself 
who reported 8 cases, all males, felt that this seeming preponderance 
would turn out to be erroneous and the sex incidence in this series supports 
that view. Of the 50 patients here considered 25 were male and 25 were 
female. 

The diagnosis was made at most ages from 12 to 59 and with no 
marked difference of total incidence in any decade although, as the follow- 
ing table shows, there is a slight sex preference in certain decades. 


Age of patient at 

time of diagnosis Male Female Total 
11 — 20 3 10 
21 30) 10 13 
31 — 40 3 8 
4] 50 3 12 
51 60 6 

Total 25 Fs 50 


With regard to the age of the patient at the onset of the first 


appropriate symptom, only 5 (10 per cent) had made complaint in the 


first decade, of whom four complained of periodic headache and one 
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of weakness, these symptoms having been present for as long as the patient 


could remember. In addition, two of these patients with headache had a 
subarachnoid hemorrhage at the age of 10. Of the remainder, two-thirds 
had their first symptoms before the age of 30. The following table shows 
the number of patients in each age-group in relation to the time of onset 
of their initial symptoms: 


Age of patient at 
onset of symptoms Male Female Total oO 


10 5 (10) 

20 24 (48) 

30 (12) 
- 40 (18) 

50 : (10) 

60 (2) 
Total : A 50 


It has been a matter for comment previously that although the vascular 
malformations here considered are supposedly congenital, symptoms ot 
signs are so long delayed in making their appearance. In drawing attention 
to this, Olivecrona mentions that the earliest onset of symptoms recorded 
in the literature was in a child 244 years old. In one patient in this series 
the presenting complaint, made as soon as she was old enough to express 
herself, was of headache. Even before this, however, the mother had 
noticed that, compared with her other children, she was unduly clumsy 
on her feet and with her hands and that when she did start to speak, 
which she did at the normal time, she had a slight slurring dysarthria. 
Another of the 5 patients who experienced their first symptom in the 
first decade, had complained throughout of a weakness of the right arm 
and hand. On examination she was found to have a right infantile 
hemiplegia and this defect had presumably been present since birth. 
She was left-handed and had no aphasia. In yet another patient, whose 
first complaint of weakness of the left hand and arm was more typically 
delayed until the second decade, the left limbs were found on examination 
to be slightly smaller than the right. 

In general, however, an early onset was comparatively rare. Nearly 
one-half of all patients had their initial symptom in the second decade 
and 70 per cent had, by the age of 30, experienced a relevant symptom. 
Some angiomas remained concealed well beyond the third decade and the 
oldest at which an initial symptom presented was at 52 in a patient 
complaining of headache. This headache, although apparently severe, 
might not have been accorded any especial significance were it not that the 
patient had a subarachnoid hemorrhage four years after its onset, at 
which time the diagnosis of cerebral angioma was made. 
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SYMPTOMS 
Epileps y 
16 (32 per cent) of the patients in this series presented with epilepsy, 
this symptom appearing in the youngest at 1] and in the oldest at 42. 
In all but one of these patients the attacks had, at some stage in their 
history, a focal onset but in 7 patients the initial attack was immediately 
or rapidly generalized. In 3 of these, loss of senses occurred on the first 
occasion without any warning but in one case the patient's wife was able 
to state that the subsequent convulsion was right-sided. 
One of the other 2 patients, whose first attack occurred at the age ol 


17, had a second attack two years later which became rapidly generalized 


but she was aware that her head turned to the right before she lost her 


senses. Attacks of this nature occurred every six months or so for the next 
nine years. 

Kighteen months before coming under observation, and aged then 33, 
she had a subarachnoid and intracerebral haemorrhage as a result of which 
she developed a profound right hemiplegia and aphasia. 

The third patient whose first attack was generalized and without 
warning Was aware, in the next attack a year later, that the left side of 
her face was twitching before she lost her senses. Sometimes in subsequent 
attacks she had this warning. 

¥ of the + remaining patients in this group had a brief warning before 
losing their senses. One of them, aged 42 and in perfect health, one day 
felt the left side of her face contracting and pulling up. Without further 
warning she lost her senses and remained unconscious for about an hour. 
On one occasion she was unconscious for three and a half days, during 
which time she developed paralysis of the left face, arm and leg. This 
was still complete three weeks later and for a period of four weeks after 
coming to herself she had a severe, continuous pain in the right forehead. 

On examination (six months after the onset of paralysis) she had a left 
hemiparesis, including the face, in which the arm was completely 
paralysed and the leg 


g moderately weak. There was appropriate alteration 
of the reflexes and no sensory loss. There was no bruit. The B.P. was 
140/80. 

The second patient had a generalized attack at the age of 38, with a 
brief focal signature of his “left arm going like a windmill” and a few 
months after a second similar attack a year later, the diagnosis was made. 

In the third patient the attacks occurred for thirteen years. The 
warning was sometimes very brief—only long enough for her to call out 

hut sometimes an attack was preceded by an indescribable sensation in 


her left side, lasting a minute or two, and she would go across the garden 
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io a neighbour’s house where she would have a generalized convulsion. 2 
patients had no abnormal signs apart from a bruit 

Of the remaining 5 patients, 3 had a hemorrhage which resulted in a 
hemiplegia and one, without evidence of hemorrhage and without head- 
ache, came round, after an attack in which he fell unconscious across 
his bed, with a right hemiplegia and aphasia. 

2 of these 5 patients had a bruit and of the 3 in which a bruit could 
not be detected, two had had a hemorrhage and the third, having lost 
his senses without warning, recovered them to find that he had a complete 
right hemiplegia with aphasia, but without other evidence of haemorrhage. 

In distinguishing from those that follow the 7 cases already considered 
it may seem that only a fine line has been drawn between a generalized 
attack originating with recognizable focal features and a focal attack 
leading to loss of senses. The distinction would appear to rest partly on 
the nature of the focal signature and partly on the length of time which 
clapses before the patient loses his senses and whereas some attacks become 
rapidly generalized, others remain focal sufficiently long before leading te 
unconsciousness to be regarded without hesitation as such. 

Thus 9 patients had, as a presenting symptom, an attack which was 
without doubt focal. In 6 the focal signature was a twitching or jerking 
cf face, fingers, arm or leg, preceded in some by_ positive sensory 
phenomena in the same area. In | the attack was of the so-called 
inhibitory type. the right arm sunply becoming powerless, without the 
development of any positive sensation or involuntary movement. 

Although clearly focal in onset, some of the initial attacks proceeded 
to loss of senses after periods varying from a few seconds to several 
minutes and all 7 patients, save 1, did eventually have an attack with loss 
of senses. Some attacks were initially limited, in one case, for example, 
to twitching of the fingers of the right hand for a few minutes and in 
another to twitching of the left corner of the mouth. In the first case 
the patient continued to have focal attacks over the next four years, the 
movements gradually spreading in successive attacks to involve more 
and more musculature, accompanied sometimes by sensation of pins and 
needles, until eventually in an episode of unusual severity he lost his senses. 

2 patients had attacks which were not characterized either by motor 
or sensory phenomena, one of them having typical “temporal lobe attacks” 
of frequent occurrence: 

L. C. (38) had his first attack at the age of 18, two vears before coming under 
observation. He had, on this occasion, a sudden depressing feeling around the 
umbilicus which rapidly rose to the mid-chest and which was accompanied by an 
intense feeling of familiarity. His mind then became blurred and he remembered 
no more until a few minutes later. He was then his normal self and only puzzled 
by the odd feeling the had experienced. Since then he has had many such attacks. 
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The aura is always a “dull depressing sensation” and he is often puzzled by feelings 
of familiarity in surroundings which are not at all familiar. There has never been 
any associated taste or smell. 

His mother, who had witnessed some of the attacks, said that he would suddenly 
grip his stomach, look silly in the face and then make curious clicking or chewing 
noises as if eating his tongue, meanwhile gripping anything within reach with his 
left hand. This would last for perhaps half a minute and then he would fee! 
confused for a further minute or two. There was no incontinence and there were 
no post-ictal sequelae. An attack might occur at any time of day and their frequency 
would vary so that he might have three in as many days and then none for ten days 
In addition he might have minor blank periods during the day when his face and 
eyes would appear vacant for a second. 

Thus, reviewing as a whole the cases in which epilepsy was the initial 
symptom, in all except one the attacks displayed, at some time or other, 
focal features. In most cases the patient was aware of the focal signature 
but in a few this evidence had to be provided by a witness who was able 
to state that the onset was, in fact, focal or that the subsequent convulsion, 
if such occurred, was one-sided. In some patients attacks accompanied by 
loss of senses gave place, after a variable number of years, to attacks in 
which consciousness was not lost. In some patients attacks without loss 
of senses were followed, after a varying number of years, by attacks 
characterized by sudden loss of senses without warning. In some again 
an attack with a focal onset might remain confined or might spread and 
lead eventually to loss of senses. Finally in some patients focal attacks 
might alternate with generalized attacks. In all except one patient, attacks 
were accompanied at some time or other by loss of senses. 

The attacks thus showed variability in individual patients as well as 
in themselves, and, whether focal or generalized, a widely varying 
periodicity. Although, however, the generalized attacks occurred usually 
at intervals of six months or a year, the focal attacks were sometimes but 
ot necessarily more frequent. One patient had generalized attacks yearly, 
without focal signature, for eight years and another patient had attacks 
about twice yearly for some ten years where loss of senses was preceded 
by a turning of the head to the right, of which the patient was 
momentarily aware. 

Where the initial attack was generalized no remission for longer than 
three years was observed. Where focal, one patient had her initial attacks 
(three in one day) at the age of 11 and none then until the age of 16. 
Another patient was free from attacks for nearly twenty years when her 
initial series of attacks, which were rapidly generalized with a clear focal 
onset, ceased at about the age of 18. She was 37 when the attacks 
recurred, now mostly without loss of senses. 

Except in relation to an epileptic attack—and not often then—head- 


ache of any severity was not a feature. 
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In 10 patients whose focal attacks were, at one time or another, 
haracterized by convulsions, with or without loss of senses, post-ictal 
phenomena of transient weakness was observed in 7, accompanied in 2 
patients by dysphasia. 

Of the 16 patients whose initial symptom was epilepsy + subsequently 
had a proven hemorrhage. Two others had a sudden onset of profound 
hemiplegia with aphasia but without any other symptoms suggestive of 
hemorrhage. By the time they came under observation these 6, patients 
had a spastic hemiparesis of varying severity and those in whom the 
hemiparesis was right-sided had some degree of aphasia. 

5 patients had mild or moderate disability without being able to 
associate its onset with any particular epileptic incident. 


In 5 patients abnormal physical signs were slight or absent. 


Hexmorrhage 


In 15 patients (30 per cent) the presenting incident has been a 
hemorrhage, usually in part subarachnoid but in 3 cases apparently purely 
intracerebral. The diagnosis of this symptomatic haemorrhage has not 
been proved in every case. In 12 cases considered broadly as “subarachnoid’ 
hemorrhage diagnostic lumbar puncture was only done in 9 but there is 
little or no doubt that this was, in fact, the correct diagnosis in the other 3. 

Of the 12 presenting with “subarachnoid” hemorrhage the youngest 
was 15, the oldest +5 and the sex incidence equal. In most cases there 
has been nothing remarkable about the history, the incident being simply 
one of sudden onset of severe headache, accompanied by neck stiffness, 
vomiting and perhaps pyrexia. 

In 5 cases the histories were of this nature and there were no abnormal 
signs, | of the cases being unproved. In the case of B. H. (45/ NH 28795) an 
incident at the age of 16 is another where subarachnoid hemorrhage 1s 
presumed and the history is worth recording briefly so as to draw attention 
to a misdiagnosis commonly made in these cases. 


At the age of 16, while the patient was at school, she developed headache one 
afternoon. She cannot remember the circumstances well but thinks that the head 
ache was fairly severe. She remained for six days in the Sick Bay and was fully 
conscious throughout. She was thought to have meningitis from which her brother 
had just been suffering but this was not confirmed as lumbar puncture was not 
performed. She was treated with sulphonamides and the headache passed off within 
a week, 

Nine years later, at the age of 25, this patient had a proved subarach- 
noid hemorrhage. A history of “meningitis” is a feature of the early 

< d é 
record of several patients in this series and where this diagnosis is only 
presumptive it is more likely to have been, of course, a subarachnoid 


hemorrhage. 
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Examination on this occasion revealed a partial left homonymous field 
defect but there were no other abnormal physical signs and no bruit. 

(he other 6 cases all showed some abnormality on clinical examination 
at some stage although in | patient the disorder was purely one of intellect. 

In | case signs developed at the time of the hemorrhage but seve 
months later, when arteriography revealed an angioma, there were no 
abnormal physical signs. 

In 3 other cases defects developed at the time of the hemorrhag 
and persisted to some extent, the visual fields being involved in some 


ineasure In all 3 and 2 having, in addition, a mild hemiparesis. 


In the last case, that of A. M. (4; NH 3592), the onset was such as to 
geest that the hemorrhage was primarily intracerebral and yet there 


does not seem to have been any disability until some time after the 


sul 


haemorrhage: 
ceventeen mont io, being 26 at the tim 


when ot feli queer and had the sensation that his left 


had doubled themselv. This was followed by nausea 


extremities 1¢ 
vomiting al tal headache There were no accompanying visua 


phene meh 
VY minutes of istant pain he lapsed nto a state of semi-coma 


nained r ty ivs, during which time he developed a_ stiff neck 


idmitted to hospital where the diagnosis o 


was established bv lumban puncture He remained sem 


comatose two or three davs 1d on regaining full consciousness was abl 


to mov i with equ 
Since the hamorrhage, however, the left leg ha arted ts become weak and 


during the four months before coming under observation this weakness had pro 


vressed. He found himself dragging tl leg and he had difficulty in steadyving it 


About tour months previously, too, the left arm had become increasingly clumsy 


For some three months vision ha een deteriorating in the 


ht eve. 


On examination he was found to 1 mild left spastic hemiparesis including 


the face, with appropriate reflexes and with impairment of pain and temperature 

sensation over the whole left | of the body 

fundus showed marked dilatation and tortuosity of the veins which 
more numerous than usual. There was no papillocdema 


1 


wt right ptr yp ISIS 


vas sligl y 

There was bruit. The B.P. was 

Vhe C.S.F. was under pressure of 290 mm, of fluid 

Phere is no evidence in this story that any defect was present at the 
time of the initial haemorrhage, but if, in fact, some slight defect had been 
apparent at that time on examination, it had remained unknown to the 
patient and there seems no doubt that the subsequent disability was pro 
eressive and gradually so. It is to be noted that this progressive weakness 
developed in the absence of any further apparent haemorrhage. 

The 2 patients with proven intracerebral hemorrhage were aged 12 


and 18, and both histories are worth recording briefly. 
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R. S. (46/NH 29241), aged 12, was in perfect health until one day when he 
happened to be taking a scholarship examination and came home at 4 o’clock 
n the afternoon. He made no complaint at the time although later he said that 
1e had not taken his midday; meal. He ate a fair tea and went to bed at 8 o’clock. 

At about 11 o'clock he wakened his mother, crying and saying that he was 
feeling sick. He vomited and continued to do so during the night but made no other 
complaint. Next morning he complained of feeling tired and of a heavy head 
and found he could not stand. 

When seen that day he was semi-comatose but could be roused. He had left- 
sided weakness which included the face. There was no neck stiffness, 

On the following day he was drowsy but could be roused to answer questions 
sensibly. He complained now of severe frontal headache and of slight pain in the 
neck. He yawned repeatedly but although resenting examination it could be 
determined that he had a left homonymous hemianopia, a profound left flaccid 
hemiplegia with decreased jerks and impairment to all forms of sensation. The 
fundi, on this day, were not definitely abnormal but two days later papilloedema was 
undoubtedly present. 

E.P-B (44+/ NH 28631) complained one day, at the age of 18, of severe aching 
in the right temple and vertex. Next day she was drowsy and dysphasic but even 
yn the previous day her father had noticed that she occasionally lacked the correct 
word. She continued to have severe right temporal and vertical headache spreading, 
but with slightly diminished intensity, over the entire head but not radiating into 
the neck. She started to vomit and complained now of diplopia and occasional 
blurring of vision. 


Five days after the onset of headache she was found to have a complete left 
hemianopia, a moderate left hemiparesis including the face with slightly increased 
jerks and no sensory loss. She was left-handed. 

Ten days from the onset of the headache she had developed papilloedema. 

The C.S.F. was under a slightly increased pressure, of 230 mm. of fluid, but was 
normal in composition. 

These 2 patients clearly had acute expanding intracerebral lesions 
which were subsequently found to be blood clots due to rupture of an 
angioma. 

The onset of epilepsy is an important and not infrequent sequel to 
hemorrhages which are designated as “subarachnoid” (although it is well 
recognized that many are in part intracerebral) and may develop whether 
or not abnormal signs have been present at the time of the hemorrhage. 
Thus in the 12 cases of “subarachnoid” hemorrhage mentioned, 4 were 
followed by epilepsy and 3 of them showed no abnormal signs. The 
epilepsy may develop within a month or two of the hemorrhage. 

Thus reviewing as a whole the 15 cases in this series who presented 
with hemorrhage, in 3 the bleeding was purely intracerebral. In 2 of 
these the diagnosis of angioma was made at the time of the presenting 
incident but in the third not until ten years after the supposed haemorrhage 
which had been followed nine years later by epilepsy. 

Of 12 patients between the ages of 15 and 45 who presented with a 
“subarachnoid hemorrhage,” 5 had no abnormal physical signs. 3 subse- 
quently developed epilepsy, 2 within a few months of the haemorrhage 
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and in both patients the attacks became rapidly generalized after a brie! 
focal signature of which the patient was, in one case, aware. 

Thirteen years is the longest period which had elapsed in this series 
between a single proven incident of haemorrhage and the diagnosis of a 
angioma. 

It is noteworthy that of the 15 cases presenting with hemorrhage 
in only | of the 14 examined by auscultation over the skull and eyeballs, 
both before and after arteriography, was a bruit heard. 


Headache 


In 12 patients (24 per cent) the first symptom was headache, the head- 
ache being of sufficient severity to constitute a genuine disability. With 
one exception it has been a symptom which has appeared early (in the 
first or second decade) and, indeed, of 5 patients in this series who had 
had symptoms for as long as they could remember, in 4+ this symptom was 


headache. These headaches of early onset have been periodic, although 


the periodicity has varied from patient to patient, and the course o! 
these 4 cases has been such that in 3 of them headache has not for long 
remained the only symptom. 

The story of J. C. (8/ NH 7365) contains additional features and bridges 
the gap between the patients with periodic headache for as long as they 
could remember and those whose total histories, shortly to be considered 
are more suggestive of migraine. Her story is as follows: 


For as long as she can remember she has had periodic headache in the left 
frontal region. She sometimes wakens with one in the morning but they may develop 
at any time. They are described as a continual aching, last up to four hours and 
might occur two or three times a week. 

During a rather indefinite period of three years or more, she has had between 
10 and 20 attacks, some with headache and some without, in which she has been 
unable to understand what people are saying to her and in which she feels unable 
to speak. During these attacks she can hear perfectly and her vision is normal. 
Her mother has told her that during these attacks she may talk nonsense but the 
mother has also stated that in attacks when she cannot understand she has become 
very distressed, cried and said: “I cannot understand what you are all saying.” 

For the last six months the attacks of headache have sometimes been accompanied 
by visual disturbance, such as flashes of light, and sometimes they have been 
preceded by an inability to see out of the sides of both eyes, so that she has to 
turn her head to look to either side. 

Two months before coming under observation, at the age of 16, when walking 
to catch a bus, she noticed her right leg heavy and that her foot flapped. Within 
fifteen minutes she noticed the right arm weak and found that she could not hold 
a milk bottle properly. A few minutes later she felt queer and she was subsequently 
told that for half an hour she did not answer questions and her eyes looked funny. 
She did not fall but sat down and was at no time completely unconscious. 

The weakness of the right leg cleared up in a few hours but the right arm 
remained weak for two days. There was no jerking of either limb and there were 
no paresthesiz. 
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On questioning, she said that she had been aware of a low-pitched buzzing in 
the left ear when trying to get to sleep at night. 

On examination there was no dysphasia. She had a right upper quadrantic 
defect in the visual fields, slight right facial weakness and minimal pyramidal signs 
in the right arm. A loud bruit was heard over the left eye and also behind the 
left mastoid process. ; 


In 7 patients the episodes in which periodic headache was the promi- 
nent symptom had, from their onset, migrainous features. It was 
mentioned in an earlier paragraph that these cases are “suggestive” of 
migraine which implies that there are features in the history by which 
one could distinguish these cases from ordinary or constitutional migraine. 
It is hoped to demonstrate that this is so. Thus, whereas in ordinary 
migraine the aura, whether visual or, more rarely, of a somatic sensory 
nature, develops on one or other side, in these cases, if not bilateral as it 
sometimes is, it is persistently on the same side, Similarly in ordinary 
migraine the headache, although perhaps predominantly one-sided, will 
in some attacks involve the other side. In these cases the headache, if 
not generalized, will be persistently one-sided and on the side of the 
angioma. These features will naturally be more striking the longer the 
history. 

Again whereas in ordinary migraine the attacks follow a regular pattern 
in which the aura, lasting usually from a few minutes to twenty minutes 
or half an hour, is then replaced by headache, in these cases the aura 
may be more prolonged. It may also persist even after the headache has 
developed and sometimes the manifestations which one would normally 
regard as an aura may not develop until after the onset of headache. 

All these features indicate that the migraine is in some way atypical. 


The 7 patients representing the group now to be considered had their 


first symptom between the ages of 11 and 17. They also, incidentally, 
provide some of the longest histories, 2 being of more than forty years’ 
duration. 

Sometimes abnormal signs are present on physical examination but 
may be confined to an homonymous defect in the visual fields and, 
although described as occurring in constitutional migraine, must suggest 
the possibility of an angioma being the underlying cause. This is especially 
likely when the supposed migraine has atypical features to which attention 
has already been drawn. 

Profound disability may, of course, develop as was the case with M. C. 
(25/NH 23521) whose total history extended over a period of forty years. 
She first came under observation at the age of 32 having had migrainous 
attacks with an aura of right-sided numbness since the age of 12. Several 
months before this early admission to hospital she seems to have had a 
hemorrhage—“a pyrexial illness when she was completely paralysed on 
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the right side for three or four days and had very severe headache for s 
month.” On examination when she eventually came under observation 
she had a mild right spastic hemiparesis with appropriate reflexes and n 
sensory loss. There is no record of auscultation of the skull. An exploratory 
craniotomy was refused. 

On examination at the age of 5+ she showed some dementia, moderat« 
dysarthria and mild dysphasia. She had a profound right spastic 
hemiplegia sparing the face, with appropriate reflexes and some sensory 
impairment. On the left she exhibited choreiform movements but no 
other abnormality. The B.P. was 140/80. On this occasion a loud bruit 
was heard, maximally over the left eye but also over the frontal regions 
and in the left temporal fossa. 

Motor symptoms are rare in migraine but were present in one patient 
in this group in whom, however, the migraine was again atypical in that 
the headache preceded the motor phenomena, the headache developed 
persistently in the left frontal region and when the weakness developed 1 
persistently had the same distribution. Finally, as in some of the othe: 
cases, the “migraine” was complicated by epilepsy. 

E. S. (14) NH 15255) developed, for the first time at about the age of 12, a dull 
headache in the left frontal region which was followed in a few minutes by weakness 
of the right arm and right leg. The weakness would start in the arm and then spread 
to the leg. She also lost the ability to speak. There was no impairment of conscious 
ness and she did not fall. After about an hour the attack would pass off with a 
sensation of “lights” passing across her field of vision. At first the attacks were 
infrequent but gradually increased in frequency so that, within two years or so, 
she was having one every month or two. They then became less frequent again 
until the age of 18 when she had her last attack of this nature. 

Four vears later she had a convulsion with loss of senses preceded by an 
inability to speak and two similar attacks in the course of the next 15 months, 
at the end of which time the diagnosis of angioma was made. 

On examination at that time she had minimal right-sided signs and a bruit 
which could be heard over the left temporal region. 

The 12 patients, whose presenting complaint was of headache, fail 
into three groups. 

4 had headache for as long as they could remember but the headache, 
although periodic, was in 2 cases not really characteristic of migraine. 
Both these patients are presumed to have had a subarachnoid hemorrhage 
at the age of 10 and | of them had a proven bleeding at the age of 15. 
Both had epilepsy. The other 2 developed in time some more 
characteristically migrainous features, | a few years before a vascular 
incident resulting in hemiplegia brought her under observation at the 
age of 16, the other (G. L. (30/NH 24721)) only towards the end of a 


history of periodic headache extending over some fifty years, for the 
last twenty-three years of which at least he had a complete left homony- 
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mous hemianopia. The particular incident causing this defect had received 
no particular recognition and was not marked by a particularly severe 
r prolonged headache. Throughout this long history there was no 
a of epilepsy. 
7 patients had histories suggestive of migraine although in all the 
migraine was clearly atypical. Of these, 5 later developed epilepsy. Of 
these 5 with epilepsy | had, in addition, a proved subarachnoid 








hemorrhage at the age of 42. 
Cc .. 
It is noteworthy that all the patients whose headache was accompanied 






by migrainous features, atypical of constitutional migraine, had their first 





symptom between the ages of 11 and 17. 

Of these 12 patients, 8 were found to have an intracranial bruit. It 
was present in all the patients who had had headache for as long as they 
could remember. 4 out of the 7 with atypical migraine had a bruit. 








Hemiparesis 


)f the remaining 7 patients in this series of 50, 6 were first aware of 







a weakness of a limb or limbs. 
Only one patient in whom weakness was the presenting symptom 





remained throughout with weakness only, the others showing a liability 






to be complicated either by hemorrhage or epilepsy. 
Two other patients subsequently developed epilepsy. The last patient 





in the group whose presenting complaint was the onset of weakness is that 
of H. R. (22/ NH 22638) who finally had a fatal subarachnoid haemorrhage 
at the age of 56. The history of the presenting incident at the age of 35 is 







as follows: 








He was well and working two years ago when one day he noticed difficulty in 
writing with his right hand and his right foot dri agged slightly. These slight 
difficulties existed without progression until two months ago when one day in the 
train he noticed a sensation of pins and needles in the right arm, leg and face 
and when he arrived at his office his right arm was useless. The right leg was 
weaker than formerly but he could walk on it. He has remained in much the 
same condition since but thinks he walks a little better. 

He has never had any convulsions in arm or leg. 

On examination he had a severe right spastic hemiplegia, including the face, 
with inability to extend the fingers of the right hand but with some power in the 
larger muscles of the arm, more at the shoulder than peripherally. The leg was 
stronger but there was an almost complete foot-drop. The reflexes were appropriate 
and there was no sensory loss. The left side was normal. The B.P. was 120/75. 















Of those whose presenting symptom was weakness for no obvious 
reason and without any accompanying symptom, one with an infantile 
hemiplegia had no complication before the diagnosis was made at the 
age of 17, three subsequently had epilepsy and in 2 the epilepsy remained 
focal throughout. In the case of the third patient the attacks remained 
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purely focal for six years when he had four in which he lost his senses. 
2 patients subsequently had subarachnoid haemorrhage, one on at least 
four occasions. The other patient probably had a_ subarachnoid 
hemorrhage three years before a proven one which was fatal, the only 
occasion in this series on which a hemorrhage has proved fatal. This 


patient had no bruit and the notes on one other patient contain no obser- 


vation regarding auscultation of the skull. The remaining 4 had a bruit. 
Proptosis 

Finally there is the patient whose first complaint, at the age of 25, 
was of a deformity in his appearance: 

Nearly three years ago F. H. (6/NH 7004) noticed in a photograph of himself 
that the right eyebrow was higher than the other. On looking into the mirror it 
seemed that the right eye was larger than the other. 

Two vears ago he noticed that his right eye was gradually increasing in size 
and that the tissues in the upper eyelid were more swollen, At this time he awoke 
one morning and found the inner half of the white of the right eye red, as if 
painted This appearance gradually faded over the next few weeks ieaving the 
vessels engorged. 

Since that time the only additional symptom is a noise like a pulsing at the 
back of the right ear. This increases in intensity if he lies on this ear and he is most 
conscious of it when the surroundings are quiet and he lies down at night. 

He has had occasional headache of no consequence. 

On examination there was proptosis of the right eye of 7 mm., pulsating at 
the same rate as the heart beat, the eye being displaced down and out. The eye 
appeared normal apart from an increase in conjunctival vessels medially. 

In the right fundus there was an increase in the tortuosity and size of the 
arteries, especially in the upper outer quadrant, and a fullness of the veins. 

A bruit could be heard over the right eyeball, less distinctly over the right 
frontal and temporal regions, 

Right carotid compression obliterated the bruit and caused the exophthalmos 
to stop pulsating. 


Physical Signs 

Mention has been made of the signs which were present when the 
patients eventually came under observation. They have been present in 
about 70 per cent of cases, by far the commonest finding being a spastic 
mono- or hemi-paresis with appropriate reflex changes and with or without 
sensory loss. If present, the sensory impairment has usually been of the 
cortical type. Others have had signs confined to a visual field defect. 

Taken by themselves these signs are of little value except in localizing 
the lesion, which, as will be seen, they do with accuracy, and it is only 
in relation to the history or to the nature of their onset and development 
(or regression) that the signs become significantly suggéstive of an angioma. 

In the following table the incidence and severity of abnormal signs 
are summarized in relation to the presenting symptoms, which are shown 
under the headings into which the cases have been grouped sympto- 
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matically, the signs being recorded either in terms of a solitary field defect 
or of a hemiparesis of a certain severity. It is perhaps not without signifi- 
cance that none of those presenting with epilepsy had a field defect, even 
in association with hemiparesis. 

The table excludes 5 patients who had intracerebral hemorrhage, in 
+ of whom the hemorrhage was the incident which brought them under 
observation and in whom the signs were consequently not stationary. It 
also excludes 1 who had infantile hemiplegia and | whose angioma was in 


the orbit. The incidence of bruit is recorded in brackets. 










SIGNS IN RELATION TO PRESENTING SYMPTOM 





Presenting symptom Epilepsy Hamorrhage Headache Weakness Total 
SIGNS 

Minimal or none... 5 (5) 7 t(D 6 (3) 18 (9) 
Field defect only a 2 (0) z @ 4 (2) 
Mild hemiparesis ... ... 10 (4) 1 (0) 2 (2) 3 @) 16 (8) 
Moderate hemiparesis 1 (0) 2 (1) 3 (1) 
Severe hemiparesis... 1 (1) 1 (1) 2 ty 
Total 16 (10) 11 (1) 11 (8) 5 (3) 43 (22) 





Attention has already been drawn to the fact that the presence of a 
bruit was a rarity in cases where hemorrhage had been the presenting 
symptom, being recorded only once in 14 cases out of 15 in which the 
observation was made. In view of the fact that a bruit was heard in 24 
out of a total of 48 patients in whom it was listened for, this finding 
means that it was heard in 23 out of 34 patients in whom the presenting 
symptom was other than hemorrhage. It would seem, therefore, that a 
bruit is a sign of some significance, an opinion which is not in accord with 
that of Olivecrona who states that it cannot be considered a symptom of 
great frequency. It is, of course, sometimes faint and occasionally intermit- 
tent and, although frequently heard over the skull, cannot be regarded as 
absent until auscultation over the eyeballs in quiet surroundings has also 
failed to detect it. 

As it is clearly a sign of diagnostic importance, it is of value to study 
the incidence of intracranial bruit more fully. Of 16 patients who 
experienced their first symptom before the age of 15, a bruit was heard 
(at the time of examination and thus in some cases not until many years 
later) in 13. Of 26 patients in whom the diagnosis was made over the age 
of 30 a bruit was heard in 15 but of the remaining 11 there were 9 whose 
initial symptom had been a hemorrhage or who had had one subsequently. 
Thus over the age of 30, 2 patients and, in fact, in the whole series only 
5 patients failed to have either a bruit or a history of hemorrhage. 

A bruit is not, of course, pathognomonic of angioma and is occasional]: 
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heard with aneurysm and with meningioma. As the one is liable to bleed 
and the other to cause epilepsy, the presence of a bruit may wrongly 
suggest the diagnosis of angioma. Nor are noises in the head, even in a 
patient whose history is suggestive of angioma, necessarily indicative of 
a bruit. Some patients hear their bruit, and, if they do, they have already 
observed its rhythm to be in time with their heart-beat or can readily do 
so at the time of examination. 

Papillcedema has been present on several occasions but mostly in rela- 


tion to hemorrhage, either intracerebral or “subarachnoid.” On two 


occasions, however, it has developed in relation to focal epilepsy and in 
the apparent absence of any other incident. In one case it was observed 
five months after the initial epileptic attack and was accompanied by a 
minimal hemiparesis: in the other case not until eleven years after the 
initial attack by which time there had developed a mild hemiparesis. This 
would confirm the view, generally held, that these lesions, although they 
do not grow, may quite well increase in size and if large, as these two 
angiomas were, may present as space-occupying lesions. 

In a few patients abnormality of the fundus oculi has been observed 
apart trom papilloedema. This has been an appearance in which some 
of the vessels have seemed more tortuous and numerous than usual but 
in one patient there was an angiomatosis of the retina. 

In some cases proptosis has been observed and this has been on the side 
of the angioma but, with the exception of the one case when the angioma 
was found to be in the orbit, the proptosis has been non-pulsating. 

Neither the secondary effects on the circulation of these arteriovenous 
lesions nor mental deterioration (noted to a mild degree in 5 patients) 
have been a feature of these cases. It is, however, of importance to record 
that in only 2 cases has the blood pressure been raised and although in 
1 case, following epilepsy of thirteen years’ duration, there was a sudden 
onset of right hemiplegia and aphasia, neither is known to have had a 
hemorrhage. In 26 cases (52 per cent) in which a hemorrhage is known 


or presumed to have occurred the blood pressure has always been normal. 


Retrospect 

In reviewing the symptoms and signs with which cerebral angiomas 
have presented and which have developed as these lesions pursued their 
natural course, only occasional reference has been made to the situation 
and size of the angioma subsequently demonstrated by arteriography. 
Now, in retrospect, it is of interest to reconsider these symptoms and signs 
not in relation to the possible diagnosis of angioma but in relation to these 
findings. 

Arteriography may provide only an approximate idea of the situation 
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and size in that any single picture or series of pictures does not necessarily 
outline the whole malformation even if the vessel injected is the only 
one supplying it. With possibly incomplete evidence as to size, the precise 
situation cannot be determined. However, the situation and size, as 
assessed subject to these limitations, have been studied and certain observa- 
ions made. 
Situation 

25 of the angiomas were right-sided, 24 were left-sided and | was in 
the mid-line. 

Attention has frequently been drawn to the fact that these malfor- 
mations are predominantly in the territory of the middle cerebral artery. 

Fig. | shows in diagrammatic form, with a circle marking the mid- 


la. b. 
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Fic. 1.—The situation of the angiomas. o marks the approximate centre otf 
ch as seen in lateral view. Two on the left are encircled. In these cases the patients 
> left-handed but became aphasic when the angioma manifested itself. 
point of each angioma when viewed laterally, their approximate distribu- 
tion in this series. Thus the majority seem to straddie the fissure of 
Rolando, although their depth is not, of course, indicated. 


16 patients presented with epilepsy and fig. 2 illustrates diagrammati- 


Fic 2.—Superimposed outlines of the angiomas in 16 patients whose presenting 
symptom was an epileptic attack. In those numbered 38 and 19 the attacks were, 
in their nature, quite distinct from the rest. 
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cally the situation of the angiomas in these cases—8 on each side, whose 
outlines have been superimposed. It will be recalled that all except on 
of these patients had, at one time or another, attacks with a recognizable 


Fic. Superimposed outlines, in antero-posterior projection, of the angiomas 
in patients presenting with epilepsy. 
focal feature, related mostly to clonic movement, sensory disturbance or 
speech impairment but that in 2 following patients the attacks, although 
In the patient (38) with the 


clearly focal, were somewhat different. 
“temporal lobe attacks” the angioma is, in fact, in the temporal lobe; in 


4a b. 


4.—Superimposed outlines of the angiomas in 12 patients presenting with 
“subarachnoid” haemorrhage. 


Fic. 
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the patient (19) who had momentary epigastric nausea and heard his own 
voice echoing in his head, the angioma is fronto-temporal in situation. 

In fig. + are shown, in outline, the situation of the angiomas in the 12 
patients whose presenting symptom was a “subarachnoid” hemorrhage. 
It will be seen that their distribution in lateral view is not restricted as 
in the patients with epilepsy and also that in the antero-posterior view they 
tend to be deeply placed in the hemispheres. Reference to the outlines 
in fig. 3, of the angiomas in the antero-posterior view in the patients 
with epilepsy shows that those presenting with epilepsy tend to be more 
superficially placed. 

Attention has already been drawn to the fact that of the 12 patients 
presenting with subarachnoid hemorrhage, only one had a bruit and the 
tendency for angiomas which bleed to be deeply placed must surely bear 
some relationship to this observation. 10 of the 16 patients presenting 


with epilepsy had a bruit. 
4 of the patients with “subarachnoid” hemorrhage as a presenting 
symptom subsequently developed epilepsy and fig. 5 shows the situation 


5a. b. 


Fic, 5.—The outlines of the angiomas in 5 patients who developed epilepsy, in 
4 cases after “subarachnoid” haemorrhage and, in the case of 27, after intracerebral 


hemorrhage. 


of the angiomas in these patients. Comparison with fig. 2 will show that 
they are situated outside the area occupied by the angiomas giving rise 
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to epilepsy as an initial symptom, 2 being frontal (33 and 49) and 2 being 
occipital (28 and 37). It seems possible, therefore, that these angiomas 
were not in themselves epileptogenic in these situations (2 were small) 
but that the resulting intracerebral part of the “subarachnoid” 
hemorrhage was. 

The patients with headache fell easily into three groups, the first of 
which contained 4 patients who had had a periodic headache of a disabling 
nature for as long as they could remember, and the last of which contained 
the patient who developed headache at the age of 52 and had a subarach- 
noid hemorrhage at the age of 56, by virtue of which curious presentation 
he is in a group by himself. 

The second group, the situation of whose angiomas is shown in fig. 6 
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Fic. 6.—The outlines of the angiomas in 7 patients with “atypical migraine.” 


all had symptoms which have been regarded as those of atypical migraine. 
3 patients (21, 24 and 41) had predominantly visual disturbance and their 
angioma was in the occipital region. | patient (31) had the sensation of 
an unpleasant taste of gas in her mouth for five minutes before 
paresthesiz in the right face developed. This lasted for some forty-five 
minutes before being followed by visual disturbance which led finally to 
headache. This angioma was in the temporal lobe. 

In 6 patients presenting with hemiparesis all the angiomas are in the 
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parietal region or deeply placed and all save 1 (22) are of considerable 
size, as is shown in fig. 7. 


Fic. 7.—The outlines of the angiomas in 6 patients presenting with hemiparesis. 
(The filling in patient 5 was unsuccessful in the antero-posterior projection.) 


[t will be seen that 2 angiomas on the left might well be described as 
parieto-occipital in situation and it is perhaps of significance that both 
these patients were left-handed. Furthermore when one (35) had a 
“subarachnoid” haemorrhage and the other (12) developed progressive 
weakness and later epilepsy, they both became to some extent aphasic. 
One other patient with a left-sided angioma was left-handed and this 
angioma, although centred on the lower parietal region just anterior to 
the 2 mentioned, was very extensive. This patient (5) had an infantile 
hemiplegia on the right and no aphasia. 

Ténnis (1936), writing in the monograph to which reference has already 
been made, mentions that only one of their 9 patients with a left-sided 


angioma was left-handed. The arteriogram in this particular case is used, 
as it happens, as an illustration in the monograph and it is interesting to 
observe that this angioma was similarly placed. It was a small angioma 
which had given rise to hemorrhage and it is recorded that transient 
aphasia was a feature of the post-operative course. This patient and the 
2 in this series in whom handedness and speech were dissociated all 
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showed, when eventually signs developed, a right homonymous 
hemianopia and a right hemiparesis with sensory impairment. It would 
seem, therefore, that an angioma properly situated is capable, in the 
absence of any apparent defect, of transferring handedness without speech 
and that one so extensive as to cause infantile hemiplegia can bring about 
the transfer of both. With the lesion elsewhere in the left hemisphere 
there is no evidence that either handedness or speech has been transferred. 

2 of the patients with a right-sided angioma were left-handed and | 
(44) who had an intracerebral hemorrhage in the right parietal region, 
due to rupture of a small angioma, became aphasic. The other, a shifted 
sinistral who not only wrote but threw with her right hand, had a 
subarachnoid hemorrhage without any abnormal signs. 

The incidence of 10 per cent left-handedness in this series is no greatet 
than that which has been accepted as the upper limit of normal in the 
general population. If the relationship between the left-sided angiomas 
in the parieto-occipital region and handedness is a coincidence, it is at 
least a striking one. If not, then such a lesion may contribute to the 
factor in addition to heredity which Brain (1945), invokes in explaining 
left-handedness, the significant feature being that in the 2 cases where 
speech and handedness were dissociated there was—until the age of 18 
in the | case (12) and 31 in the other (35)—no evidence of physical or 


mental defect to suggest that a pathological lesion was in fact present. 


Size 

These lesions are of all sizes but, subject to the limitations already 
mentioned, have been classified as large, moderate or small. Their size 
seems to bear no relation to their situation but, as the following table 
shows, has some bearing on their mode of presentation. 

Size oF ANGIOMA IN RELATION TO PRESENTING SYMPTOM 

Presenting symptom Epilepsy Hamorvhage Headache Weakness Propt 
Size 
Large 10 5 
Moderate : 6 4 
Small . ” “ 6 


Total 16 15 2 6 ] 50 


Thus although the large and moderately sized angiomas tend to present 
more or less equally in any of the ways mentioned, no smal] angioma has 
presented with epilepsy. 6 out of 7 have presented with hemorrhage and 
the seventh, although presenting apparently with headache at the age of 
52, had a subarachnoid hemorrhage four years later. 

None of the small angiomas had a bruit. Of 23 large ones, in whom 


the findings on auscultation are recorded, a bruit was heard in 16. Of 
c 


18 moderately sized ones a bruit was heard in 8. 
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CoMMENT 

In 50 cases where the presence of a cerebral angioma has been proved 
by arteriography, an attempt has been made to analyse the clinical 
pictures. From a study of the initial symptoms and others which have 
developed as the angioma pursued its natural course, it was hoped to 
observe patterns of presentation into which the various symptoms have 
ggest the 
diagnosis of cerebral angioma. It should be possible now to see whether 


been woven so as to present a clinical picture which would su 


any patterns have emerged. 

The cerebral angiomas were first recognized clinically on account of 
the physical disability which they caused. In these early cases epilepsy 
was found to be a prominent symptom but it was the presence of physical 
disability which brought the patient under notice. Hemorrhage was also 
recognized early as a prominent symptom and many of the patients were 
known to have headache although this was generally regarded as not 
characteristic. Scattered cases presenting as migraine are to be found in 
the literature but Olivecrona (1948), reporting on a total of 43 cases, was 
able to include only one of this nature. He also included a few cases where 
the onset of hemiplegia had not been sudden as a result of haemorrhage 
but gradual “being occasionally caused by thrombosis or more frequently 
by the relative anemia in the distribution of the middle cerebral artery, 
resulting from the short-circuiting of blood through the aneurysm.” 

These remain, in general, the symptoms with which cerebral angiomas 
present, but attention has already been drawn to the way in which 
percutaneous arteriography has facilitated the diagnosis. Thus of the 50 
cases here presented, in 14 there were no abnormal signs, in 4 the abnormal 
signs were so slight as to be, except in relation to the history, of doubtful 
significance and in 4 they were confined to a defect in the visual fields. 


It is clear, therefore, that the incidence of presenting symptoms is likely 


to differ from that given in earlier accounts of these lesions, but in what 
is obviously still a period of transition between the occasional discovery 
and the more frequent recognition of cerebral angiomas, there is no reason 
to suppose that the incidence here reported is representative. 

In this series epilepsy was the presenting symptom in 16 patients 
(32 per cent) in whom the presentation and clinical course have already 
been considered in detail. 

It has been shown that epileptic attacks in relation to an angioma 
may be of considerable variety but more than half the cases revealed their 
focal nature at the outset, either to the patient’s own knowledge or that 
of an observer. Those that did not do so at the outset have in nearly 
every case revealed a focal feature in time, only | patient in 16 failing to 
do so within eight years (at the end of which period a hemorrhage 
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occurred) and the rest doing so within two years. Focal attacks with 
sensory or motor phenomena were frequently followed by transient 
paralysis which might, sooner or later, fail to recover completely after 
an attack and remain as a permanent defect. Of greater significance, 
however, is the history of subarachnoid haemorrhage, and the sequence of 
epilepsy > hemorrhage is strong evidence in favour of an angioma. 
As a rule subarachnoid haemorrhage may result from rupture either of 
an aneurysm or of an angioma and an unruptured aneurysm does not 
normally cause epilepsy as an initial symptom. The incident of 
hemorrhage is not always recognized as such and may masquerade as 
“meningitis” or, more suggestively, as “a suspected meningitis which did 
not develop” or even as a severe fibrositis of the neck. In a patient with 
focal epilepsy the development of a hemiplegia of such sudden onset and 
of such severity as to suggest a vascular incident but not hemorrhage 
should be accorded the same significance as hemorrhage. 

In the + patients with epilepsy in whom it occurred, the “subarachnoid” 
hemorrhage was accompanied by a profound hemiplegia which had in 
all cases made substantial recovery by the time the patient was seen. In 
these and in 5 other patients who had had transient post-ictal paralysis. 
resulting ultimately in some permanent defect, there was a mild hemi- 
paresis or monoparesis. 

In the remaining patients abnormal signs in the nervous system were 
minimal or absent and in all a bruit was heard (although in 2 only after 
arteriography). 

Thus in all patients whose presenting symptom was epilepsy, there was 
at the time of examination evidence either of a hemi- or mono-paresis 
(quite definite if sometimes slight) or a bruit. 

In 15 patients (30 per cent) hamorrhage was the presenting symptom 
and in 3 the hemorrhage was purely intracerebral, forming a clot which 
in 2 cases acted as an acute expanding lesion. 

[In 12 patients the initial symptom was a “subarachnoid” hemorrhage, 
there being in 6 of them nothing distinctive about the incident and no 
abnormal signs (apart from a soft intracranial bruit in | patient, first 
detected after arteriography). 3 of these patients subsequently developed 
epilepsy, 2 of them within a few months, and the sequence of subarachnoid 
hemorrhage - epilepsy, although well recognized with aneurysm, must 
suggest the possibility of angioma, although not so strongly as the sequence 


epilepsy > hemorrhage, to which, as already mentioned, aneurysm does 


not normally give rise. Nor indeed, as has been shown, have small 
angiomas initially caused epilepsy in this series and of 7 such angiomas, 
6 first revealed their presence by hemorrhage and the seventh by head- 
ache, subarachnoid hemorrhage occurring in this patient four years later. 
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Thus whereas abnormal signs were present, at the time of diagnosis, 
in 1] of 16 patients presenting with epilepsy, they were persistently present 
in only 5 of 12 patients presenting with subarachnoid hemorrhage. And 
whereas a field defect was never present in a patient presenting with 
epilepsy, it was present in 4 of the 5 patients who had abnormal signs after 
“subarachnoid” hemorrhage and in 2 of them was the only abnormal sign. 
This observation and the rarity of a bruit in cases which present with 
hemorrhage are to be related to the tendency of the angiomas which 
present with hemorrhage to be more deeply placed in the hemispheres 
than those which present with epilepsy. 

Two of the patients presenting with subarachnoid hzmorrhage, at 
the age of 19 in the one case and 45 in the other, subsequently developed 
headache. 

Of 12 patients (24 per cent) presenting with headache, 4 had had this 
symptom for as long as they could remember. In addition all these 
patients had a bruit. 

7 patients had “migraine,” the distinctive nature of which has already 
been discussed and attention drawn to the atypical features. In each case 
the age of onset has been between the ages of 1] and 17 so that in this 
respect they accord with what one would expect in ordinary migraine and 
have not been of late onset. 

The sequence of migraine > epilepsy was found to be common, 
occurring in 5 cases, in 1 of which the sequence of migraine > epilepsy > 
subarachnoid haemorrhage was observed. Another patient, without any 


epilepsy in a history extending over forty years, had migraine -- 
subarachnoid hemorrhage. 4+ of these 7 patients had abnormal signs in 
2 of whom the abnormality was confined to a homonymous defect in the 


visual fields. 
Such sequences have been observed before and Adie (1930) drew 


attention to them and others having found, he said, no reference in 
medical writings to permanent hemianopia or other hemi-defects in 
migraine, migraine epilepsy and spontaneous subarachnoid hemorrhage. 
Having quoted 7 cases of his own and referred to one of Symonds’ (1924) 
—a patient with migraine, epilepsy and subarachnoid hemorrhage, an 
example of which had eluded him—Adie concluded that we may expect 
to encounter the following observed sequences and combinations: 

migraine, focal signs—e.g. hemianopia 

migraine, focal signs, epilepsy 

migraine, epilepsy, focal signs 

migraine, epilepsy, subarachnoid hemorrhage 

migraine, subarachnoid hemorrhage 

subarachnoid hemorrhage, focal signs, epilepsy. 
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At first sight, Adie continued, it might appear probable that these are 
all due to the presence of a congenital aneurysm but he did not believe that 
the presence of this lesion was necessary for the production of the 
symptoms he described. He favoured rather some recurring disturbance 
of the cerebral circulation whose nature was, at that time, unknown. It 
seems certain that some, at least, of his cases had an angioma in the 
presence of which all of these sequences (and, in addition, subarachnoid 
hemorrhage, no focal signs, epilepsy) have been shown to occur. The 
presence of an angioma does not, of course, explain the nature of the 
recurring disturbance but it provides a ready source of hemorrhage from 
which most of the rest follows and at least 3 of the 11 patients with periodic 
headache had a family history of migraine. 

Of 6 patients (12 per cent) whose first symptom was weakness, 1 had 
an infantile hemiplegia and had noticed her hand weak for as long as 
she could remember. It was a right hemiplegia and she was, in fact, 
left handed. The onset in the others was between the ages of 13 and 35 
and all later developed either epilepsy or hemorrhage. In these cases alli 
the angiomas were situated, at different depths, in one or other parietal 
region. 

Angiomas tend to bleed and are known or confidently supposed to 
have done so in 26 of the 50 cases here recorded. Although this offers 
no proof, it tends to confirm a belief that the mortality in hemorrhage 
from an angioma is substantially less than that in hemorrhage from 
an aneurysm. It is presumably the structure of the angioma and its 
situation which makes its rupture less disastrous than one might suppose 
and for the same reasons small leaks rather than relative anzmia in the 
distribution of the middle cerebral artery, as suggested by Olivecrona, 


may be responsible for the development of hemiparesis in some cases. 


CONCLUSIONS 


Between September 1946 and June 1951, in the National Hospital, 
Queen Square, 50 cases of angioma were diagnosed by arteriography. All 
were intracranial and supratentorial except one, which was apparently 
purely intraorbital although deriving at least some of its blood supply 
from the internal carotid artery. 

This incidence represents about | per cent of neurological admissions 
and shows that such arteriovenous malformations are not so rare as was, 
until recently, supposed. 

Males and females were equally affected. 

5 patients had their presenting complaint for as long as they could 
remember (in 4 of which this complaint was of headache) and 70 per cent 
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of all patients had experienced an appropriate symptom before the age 
of 30. The oldest at which a symptom initially presented was at 52. 

The diagnosis was made in this series between the ages of 12 and 59, 
with a more or less equal incidence of diagnosis in each decade from the 
second to the sixth. 


Analysis of the presenting complaints in this series shows that 16 
patients (32 per cent) presented with epilepsy, 15 patients (30 per cent) 
presented with hemorrhage, 12 patients (24 per cent) presented with 
headache, 6 patients (12 per cent) presented with hemiparesis and | with 
pulsating exophthalmos. This incidence is not to be regarded as represen- 
tative of cerebral angioma as a whole since it is likely, for example, that 
figures from a neurosurgical unit would show a higher incidence of 
hemorrhage and a lower incidence of periodic headache. Other modes 
of presentation are possible but presumably rare. 

Not the presenting symptom alone but even more the symptomatic 
pattern produced by additional symptoms suggests the diagnosis of 
cerebral angioma. Thus 4 patients presenting with epilepsy subsequently 
had a “subarachnoid” hemorrhage. 5 patients presenting with 
hemorrhage subsequently developed epilepsy, as did 5 out of 7 patients 
with atypical migraine. Of 6 presenting with hemiparesis, 2 had repeated 
subarachnoid hemorrhage and 3 developed epilepsy. 

35 patients (70 per cent) had abnormal signs in the nervous system. 
11 out of 16 patients presenting with epilepsy had hemiparesis of some 
degree but in none was there any defect in the visual fields. 5 out of 12 
patients presenting with “subarachnoid” hemorrhage had permanent 
abnormal signs in the nervous system, in 4 of whom the visual fields 
were to some extent involved, this being in 2 the only defect. 

Attention is drawn to the rarity of a bruit when haemorrhage was 
the presenting symptom—once in 14 patients. On the other hand it was 
heard in 23 of 34 patients when the presenting symptom was other than 
haemorrhage. 

A study of the situation of the angiomas subsequently demonstrated 
shows that those presenting with epilepsy are paracentral in situation and 
that in | patient with “temporal lobe attacks” the angioma is situated in 
one temporal lobe. Angiomas presenting with hemorrhage tend to be 
more deeply placed in the hemisphere than those presenting with epilepsy. 
In 4 patients presenting with hemorrhage who subsequently developed 
epilepsy, the angiomas (2 frontal and 2 occipital) are situated outside the 
area occupied by those presenting with epilepsy. In 7 patients with atypical 
migraine the nature of the aura is found to be of accurate localizing value. 

A study of the size of the angiomas shows that of 7 regarded as small 
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6 presented with hemorrhage and the seventh, although presenting with 
headache, had a subarachnoid haemorrhage four years later. 

It is suggested that haemorrhage unaccompanied by the usual consti- 
tutional symptoms of such a vascular incident, may be responsible for 
some of the symptoms and signs which have not apparently been 
attributed to such an incident. 

3 patients with left-sided angiomas were left-handed, one of whom had 
a right-sided infantile hemiplegia. 2 others showed no physical or mental 
defect until the angiomas manifested themselves —in 1 patient with 
hemiparesis at the age of 18 and in the other with hemorrhage at the age 
of 31. Both then became to some extent aphasic. The angiomas subse- 
quently demonstrated were parieto-occipital in situation and were the only 
2 so situated. In the other 21 patients with left-sided angiomas there was 
no evidence that either handedness or speech had been transferred. 

It is suggested that an angioma of parieto-occipital situation can bring 


about dissociation between handedness and speech. 
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MEGALENCEPHALY ASSOCIATED WITH 
HYALINE PAN-NEUROPATHY 


BY 


L. CROME 


(From the Department of Neuropathology 
The Fountain Hospital, Tooting, London) 


STEWART ALEXANDER (1949) has placed on record the interesting struc- 
tural changes which he found in the case of an infant in whom mental 
backwardness was first noticed at the age of 8 months. The patient’s 
head gradually enlarged till its circumference measured 50 cm. and 
signs of raised intracranial pressure appeared one month before his death 
at 15 months. One Jacksonian seizure was also noted. The pathological 
findings included moderate hydrocephalus; a great number of fibrinoid 
bodies were found scattered throughout the brain and arranged particu- 
larly densely around the blood vessels and in the subpial zone of the 
cortex. The author came to the conclusion that these bodies were the 
result of a fibrinoid change in the fibrillary processes of astrocytes. He 
failed to find any record of a similar case in the literature. 

The object of the present communication is to report another similar 
case and to suggest an alternative interpretation of the findings. 


Case REporT 


Clinical history—The patient’s family was free from nervous disease, and his 
4 and 8 years older siblings were phy sically and mentally well. The mother com- 

plained of repeated vomiting during the pregnancy, but the confinement itself 
was normal, the patient weighed 714 lb. and did not develop neonatal jaundice. He 
was breast fed for five months. 

Nothing amiss was noticed in early infancy and a doctor who saw him at a child 
welfare clinic when he was 3 weeks old recorded no abnormality. The patient never sat 
up, however, nor learned to raise his head, and it is impossible therefore to be certain 
that his health was normal during the period before his fits began at the age of 4 
months. The convulsions were at first unilateral but soon became generalized and 
recurred at frequent intervals until they were brought under control by phenobarbi- 
tone and hydantoinate drugs. Screaming attacks were also frequent. There is no 
history of fever or any illness preceding or precipitating the onset of the disease. 

At the age of 7 months he was admitted to hospital. At that time his head was 
seen to be enlarged measuring 45 cm. in circumference. It continued to enlarge till 
it reached 53-7 cm. at 2 years. There were no signs, however, of raised intra- 
ventricular pressure. The fontanelles did not bulge and were actually reported to 
be depressed after the withdrawal of 6 ml. of C.S.F. Neither papilloedema nor 
optic atrophy developed. Lumbar punctures were done on numerous occasions and 
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a cisternal puncture once. The pressure of the C.S.F. remained normal and the 
Queckenstedt manceuvre indicated no block in the ventricular system. The protein 
in the C.S.F. varied from 20-46 mg./100 ml., and the Pandy globulin test Was positive 
on two and negative on five other occasions. There was never any significant rise in 
the cell count of the C.S.F. The Wasserman-reaction and the colloidal gold curve 
were normal and all bacteriological tests negative. The temperature of the patient 
also remained normal, with the exception of certain periods when concomitant 
signs indicated intercurrent infection. 

The possibility of subdural haematoma was considered and burr holes were 
made in the parietal bones when the patient was 8 months old. No hematoma was 
found. A ventriculogram showed that air passed from the ventricles into what 
appeared to be porencephalic cavities in the white matter of the brain. 

No “neurological” signs were present at first, but towards the end of his life 
he gradually developed rigidity and assumed a position of opisthotonos. He 
remained completely immobile lying on his left side and this might have been the 
reason for the facial and cranial asymmetry which was noticed later, his face and 
skull projecting further forward on the left side. 

Once or twice he was observed to smile but showed no other signs of mental 
development. He was thought to be able to see and hear. His mother found it 
extremely difficult to look after him at home, and he spent a considerable part of 
his life in hospitals. He was admitted to the Fountain Hospital when he was 2 
years and 2 months old and died there a few weeks later from respiratory infection. 


Post-mortem examination.—Autopsy was performed thirty-six hours after death, 
The subject was an emaciated boy weighing 8-7 kg. and measuring 74 cm. in height. 
The head was large and asymmetrical and the anterior fontanelle was patent— 
2x 2cm. The only significant findings in addition to those in the nervous system 
were seen in the lungs which showed areas of lobular collapse scattered irregularly 
over both lungs. The walls of the smaller bronchi were thick. Microscopy con- 
firmed the presence of lobular collapse and also revealed infective atelectasis and 
patches of inhalation pneumonia. Histological examination of other organs showed 
no abnormality; there was, in particular, no fibrinoid change and no metachromatic 
material could be seen in any of the paraffin embedded or frozen sections. 


Nervous system.—The brain was large and weighed 1,520 grammes 
(normal 1,100 grammes), but the cerebellum and brain-stem were normal 
in size. The surface of the brain was uniformly indurated, especially 
in its anterior half. The crowns of the gyri were well rounded, the 
sulci somewhat wide and there was no indication of raised intraventricular 


tension. The meninges were clear and transparent, and the blood vessels 


and cranial nerves normal. 

A marked abnormality of the white matter became apparent when the 
brain was cut into coronal slices. It was soft, translucent and depressed 
below the surface of the cortex (fig. 1) in the anterior part of the frontal 
lobes. It was completely destroyed more posteriorly where the centrum 
semiovale was collapsed and the cavity contained fluid and debris. These 
destroyed portions of the white matter occupied the posterior part of the 
frontal lobe, most of the parietal lobe and the area of the external capsule 
(fig. 2). The white matter was better preserved but somewhat: soft in 


the occipital and temporal lobes. 
The anterior parts of the lateral ventricles were dilated in areas cor- 
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Fic. 2.—Coronal block at the level of the basal ganglia. White matter is 


completely destroyed in the centrum semi-ovale and outside the striate body. 


responding to the greatest destruction of the white matter. The 
ventricular cavities communicated with the collapsed portions of the 
centrum semiovale through a few small tears in the ventricular wall. The 
posterior portions of the lateral ventricles, the aqueduct and the 4th 
ventricle were not distended. No obstruction was found in the ventricular 


system. A distended cavum septi pellucidi was present. The foramina of 


Monro were patent. 

The outlines of the basal ganglia were indistinct and the individual 
nuclei appeared to be reduced in size. 

No naked-eye abnormality could be found in the brain-stem, spinal 
cord or cerebellum. 

Histological examination. — Coronal blocks of the frontal, parietal, 


temporal and of the occipital lobes, of the basal ganglia, cerehellum and 
of representative levels of the brain-stem and spinal cord were embedded 
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in celloidin. Other blocks were embedded in paraffin and frozen material 
was also used as required. Numerous stains, histochemical and 
impregnation methods were used in the preparation of sections. Those 


relevant in the examination will be mentioned below. 


The most conspicuous feature in the histological sections was the 
presence of a large number of hyaline bodies in all parts of the nervous 
system. The size and shape of these bodies varied considerably. The 


smallest were barely visible measuring about Ip, the largest were 


Fic. 3.—Frontal lobe. Black layers on the surface and in the area of subarcuate 


fibres are formed by accumulations of hyaline bodies, Heidenhain. x 2. 


Fic. +.— Hyaline bodies in the marginal zone of the spinal cord. Club and rod 
shaped bodies as well as intracellular particles of the fibrinoid material. 
Heidenhain. x 550. 
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elongated and tapering structures several hundred microns in length and 
up to 80 microns across their widest diameter. The larger bodies had no 
visible relation to cells, but very small granules of the hyaline material 
were frequently situated intracellularly in the cytoplasm of astrocytes 
(fig. +) as well as being scattered irregularly throughout the tissue. Many 
of the elongated bodies appeared to be formed by a number of contiguous 


Fic. 5.—Accumulation of the hyaline bodies in the subpial zone and around 
blood vessels. Heidenhain. x 125. 


Fic. 6.—Perivascular collection of hyaline bodies, Haematoxylin and Van 
Gieson. x 560. 
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irregular or globular particles of the material. Some of the larger bodies 
were rod or club shaped others resembled boughs of trees and yet others 
were even more irregular in form. 

The distribution of the hyaline bodies was very characteristic. Many 
of them were scattered throughout the tissue in an apparently haphazard 
manner, but dense layers of the bodies were in addition situated in the 


subpial zone of the cerebral cortex (fig. 5), in the marginal zones of the 


brain-stem and spinal cord, around the blood vessels (fig. 6) and in the 
area occupied by the subarcuate fibres of the white matter (fig. 3). The 
cerebellum was almost entirely free from the hyaline bodies, only a few 
of them being present on the surface of its cortex. 

No peripheral nerves were available in this study, but hyaline bodies 
were found in the parts of the cranial nerves attached to the brain-stem 
and, to a lesser extent, in the rootlets of the spinal nerves. In parts of the 
nerves proximal to the line of the glial border the bodies tended to be 
arranged in a ring-like manner around the periphery of the nerve. In the 
more distal portions of the cranial nerves and in the spinal nerves they 
were distributed more irregularly (fig. 7) occupying the distended and 


distorted spaces between the Schwann cells. 


Fic. 7.—Cranial nerves attached to medulla. Heidenhain. x 60. 


The hyaline bodies were translucent and appeared to be homogeneous 
in most of the stained and unstained sections; they were jet black and 
opaque only when stained by the Heidenhain or Loyez methods and 
therefore resembled to some extent the deep blue of myelin in these 
sections. They stained red with eosin, a dullish red with Lendrum’s 
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phloxine-tartrazine, yellow to orange with Van Gieson, blue to red with 
Heidenhain’s azan, and red with Alzheimer’s light green-acid fuchsin glial 
stain. They were deep blue to purple when stained with Mallory’s 
phosphotungstic acid haematoxylin and by the Holzer method for fibrous 
glial. They failed to stain by the Spielmeyer and the Weil methods 
for myelin and were brown in sections stained by the Kulschitzky-Pal 
method. They tended to remain bluish in the underdifferentiated cresyl- 
violet sections and failed to stain with thionine or with toluidine blue. 
hey did not stain with Sudan III, Scarlet Red, Osmic acid or Nile blue 
sulphate, and were negative to PAS (Hotchkiss method). They were light 
blue in sections stained by the Gram method and by the Weigert method 
for fibrin. They did not stain for amyloid with crystal violet or iodine, 
with Congo red, or with mucicarmine for mucus. They were negative 
when treated by the Turnbull blue method for iron and the von Kossa 
method for calcium. They were not doubly refractile and withstood alli 
solvents used in paraffin and in celloidin embedding. Their silver 
impregnation properties varied to some extent in accordance with 
the techniques used, but they could not be described as strongly 
argentophil in any of them. A faint argyrophilic film could be seen on 
the surface of some of the elongated hyaline bodies in the subpial zone 
in sections impregnated by the Hortega method. They impregnated 
somewhat more intensely by the Perdrau reticulin method, but were 


not argentophil by any of the other ones. 
A special effort was made to establish the possible continuity of the 


bodies with the formed elements of nerve tissue, i.e. glial cells and fibres, 
axon cylinders and fibrils, and myelin sheaths. There was in most of 
these cases no such continuity although points of contact between them 
were as frequent as could be expected from their relative numbers and 
density. Occasionally, however, it was possible to trace in appropriately 
stained sections a somewhat tenuous and uncertain prolongation of glial 
fibres, myelin sheaths and axon cylinders into the hyaline bodies. The 
appearances were equivocal in all such situations: they were consistent 
with either simple continuity by transformation of one substance into 
another or, alternatively, with the coating of the surface of the formed 
elements by fragments or a layer of the hyaline substance. Glial fibres 
impregnated well by the Hortega silver method, and those of them which 
could be traced to the surface of the brain or to neighbouring blood 
vessels failed to show fragmentation, swelling or conversion into a less 
argentophil substance. 

Histological examination revealed also extensive breakdown of myelin 
and axon cylinders. All stages of degeneration could he seen in various 
parts of the white matter. They were most severe in places showing 
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naked-eye changes but were also present elsewhere. The translucent soft 
part of the centrum semiovale showed status spongiosus with a total dis 
appearance of myelin sheaths and axon cylinders. The tissue in these areas 
consisted of a framework of blood vessels surrounded by cuffs of hyaline 
bodies and linked with each other by scanty glial fibres. Protoplasmic 
astrocytes and scarce microglial cells could be seen in this framework ol 
loose tissue. Myelin sheaths and axon cylinders were still present in other 
parts of the tissue but showed fragmentation, beading, increased tortuosity 
and localized ballooning. Balls of myelin material could also be found in 
certain areas. No dissociation in the degree of the destruction of the 
myelin sheaths and that of the axon cylinders could be established. 

The myelin was better preserved in the internal capsule than in the 
centrum semiovale. Only a minor degree of myelin loss was present in 
the brain-stem and spinal cord, and the cerebellum appeared to be wholly 
intact. The optic nerve was well myelinated but contained hyaline bodies. 

There was no consistent relationship between the number of hyaline 
bodies and the degree of myelin destruction. The demyelinated areas 
contained large numbers of hyaline bodies, but the latter were also present 
in areas, such as the brain-stem and spinal cord, which showed little 
myelin loss. They were also numerous around the blood vessels in the 
cerebral cortex and in the grey matter of the floor of the 4th ventricle. 

Another striking feature was the discrepancy between the extensive 
breakdown of myelin and the s« arcity of sudanophil material. Brightly 
staining particles of fat were relatively most numerous in the capillary 


re 


endothelial cells situated in the subpial zone of the cerebral cortex, but 


their number was moderate even in this situation. They were very scarce 
elsewhere being present only in the endothelial celis of blood vessels and in 
a few compound granular corpuscles in the perivascular spaces. 

No metachromatic material could be found, and none staining partially 
or faintly with the Sudan dyes. 

A considerable amount of nerve cell loss and gliosis was seen in the 
cerebral cortex over the affected areas of the white matter. The marginal 
lamina was unusually wide and a layer of glial cells, 4+—5 deep, was 
situated in a line running parallel to the surface and occupying its middle 
third. These cells were mostly fibrillary astrocytes with large protoplasmic 
bodies; many of them were multinucleated and some had large oval or 
kidney-shaped vesicular nuclei and resembled the Alzheimer type of cell. 
The underlying superficial layers of the cortex were almost entirely 
denuded of nerve cells and contained an excess of astrocytes and capil- 
laries. A larger number of surviving nerve cells were present in the deeper 


layers of the cortex, but many of these were in various stages of shrinkage, 
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homogenization and chromatolysis. The cortical lamination was unidentifi- 
able in the above areas. 

The cortex in the occipital and temporal lobes was better preserved, 
its lamination was distinct, yet many of the nerve cells in this area showed 
degenerative changes and there was some glial proliferation. The Sommer 
sector of the hippocampus showed total cell loss. Fibrous gliosis of the 
cerebral cortex was well marked in all parts. 

The basal ganglia showed similar extensive changes. Most of the nerve 
cells had disappeared in the striate body, the globus pallidus, the thalamus, 
subthalamus and hypothalamus, and there was marked glial proliferation. 

The grey matter was much better preserved in the brain stem and 
spinal cord and appeared to be intact in the cerebellum. 

Mild infiltration with occasional lymphocytes and histiocytes could be 
seen in the meninges. 

Discussion 

Hyaline bodies.—The form, distribution and the staining properties 
of the hyaline bodies leave no doubt regarding their identity with those 
described by Alexander. The additional features of the present case are 
the extensive status spongiosus of the centrum semiovale with gliosis of 
the cerebral cortex in areas overlying the site of the greatest destruction 
of the white matter, and the presence of the hyaline bodies in cranial and 
spinal nerves beyond the line of the glial border. 

The staining reactions of the bodies can only be described as fibrinoid 


with certain reservations. Whilst they resembled fibrinoid material in 


most of the histological preparations, they were negative to PAS and only 
partially argyrophilic, differing in this respect from at least some of the 
fibrinoid in the collagenoses. The more indefinite term—hyaline—is 
therefore preferred, although it is not intended to suggest that the 
chemical composition of the hyaline bodies is necessarily different from 
all possible forms of fibrinoid material found in other conditions. 

Similar bodies are, as Alexander rightly observed, sometimes seen in 
glial tumours. It might also be added that they had previously received 
some attention in connexion with the gliomata of the optic nerve and 
have been studied by Verhoeff (1922), who, like Alexander, believed them 
to be products of glial degeneration. The findings in the present case 
were not in accord with such an interpretation. It proved impossible to 
trace more than a tenuous and an uncertain continuity of glial fibres 
with the hyaline bodies in a few exceptional instances, while a similar 
relationship was also seen in the case of the myelin sheaths and axon 
cylinders. Hyaline bodies were, moreover, present in the peripheral nerves 
where astrocytes are absent. 
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Lesions are the result of a pathological alteration in the interaction 
between formed structures and their environment. The latter includes 
both neighbouring and contiguous structures and substances as well as 
distant ones. In the case of glial fibres and nerve processes it is the ground 
substance containing derivatives of blood plasma which surrounds and 
envelops them. It is true that the existence of the ground substance is 
still hypothetical, but if it does exist, then lesions would under certain 
circumstances appear to be situated in or to be in continuity with the 
formed elements in it. The morphological findings in the present case 
are consistent with such a view. Alternatively, if the hypothesis of the 
ground substance is incorrect, it is still possible to envisage the hyaline 
bodies as products of the interaction of the formed elements with sub- 
stances derived from the plasma or the cerebrospinal fluid. The formation 
of globular fibrinous bodies in the cerebral blood vessels has recently been 
considered by Woolf (1952), who suggested that they are formed by the 
combination of fibrinogen with the thromboplastin liberated in the break- 
down of myelin. It is possible that the hyaline bodies are formed in a 
similar manner. 

The old and unfinished discussion on the extracellular formation of 
glial fibres has been resumed by Wilke (1951) and by Wilke and Kircher 
(1952) in the light of the technological advances in the production of 
artificial fibres. They studied fibrous gliosis in cases of cerebral oedema by 
the X-ray diffraction method and came to the conclusion that glial fibres 
are formed extracellularly, and that their d-values are identical with 
those for fibrin. It is possible to define fibrous gliosis as a physico-chemical 
process occurring in the spaces between the formed structural elements, 
in which the latter participate by virtue of their metabolic exchanges into 
and across these spaces. The formation of the hyaline bodies could be 
regarded as an abnormal deviation of this process. Such an interpretation 
precludes the exclusive assignment of the bodies to any one structure, and 
it is in agreement with the visual appearances: their virtual isolation and 
independence as well as the occasional continuity with formed structural 
elements. 

Another interesting feature of the present case was the scarcity of 
sudanophil substances in relation to the degree and extent of the destruc- 
tion of myelin. In this it resembled) the case recorded by van Bogaert and 
Scholz (1932) and even more the one by Maria Jacobi (1947), in which 
destruction of myelin extended into the peripheral nerves. These workers 


interpreted the numerous particles which stained black by certain 


histological methods for myelin, and were scattered widely throughout the 
affected areas, as debris of degenerated myelin, and described the condition 
as leucodystrophy. It will be remembered that the bodies stained jet black 
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by the Heidenhain method in this case and by the Loyez method in 
Alexander’s case and resembled therefore the deep blue of normal myelin. 
They were, furthermore, numerous in areas showing demyelination and it 
seemed likely at first glance, that they were particles of myelin. They did 
not resemble it in any other way even though the considerations of 
pathogenesis outlined above would not exclude the possible participation 
of the derivatives of myelin in their formation and chemical composition. 

Megalencephaly—The increase in the size and weight of the brain 
were accounted for partly by the moderate hydrocephalus and also by the 
increased volume of the white matter containing an excess of fluid in its 
porous and degenerated parts. The absence of clinical and anatomical 
signs of raised intraventricular pressure or of any evidence of obstruction 
in the ventricular system suggests that the hydrocephalus was not the 
primary cause of the cerebral enlargement. This was supported by the 
absence of ventricular dilation in the posterior parts of the lateral 
ventricles, in the acqueduct and in the 4th ventricle i.e. in those portions 
of the brain which contained better preserved myelin. It is likely therefore 
that the localized dilation of the ventricles was secondary to the break- 
down of the initially enlarged white matter. 

Brains weighing well above the average have been recorded in some 
eminent men. The following examples are quoted by Peter and Schliiter 
(1927); The Russian writer Turgeniev—2,012 grammes, Cromwell—2,000 
grammes, Lord Byron—1,800 grammes, and Bismarck—1,800. The same 
workers observe, however, that very heavy brains have also been found 
in normal people and mention five examples ranging from 1,860 grammes, 
to 2,222 grammes. 

The term megalencephaly has been generally used to describe the 
enlargement of the cerebral cortex and white matter caused by some 
pathological process and associated with defective function. It has been 
stated by Weil (1933) and by workers before him that such enlargement 
may be either in the nature of true hypertrophy or of parenchymatous 
or interstitial hyperplasia. Study of the literature suggests, however, that 
true hypertrophy or hyperplasia, if it occurred at all, was never the sole 
or unequivocal change in the adequately reported cases. 

In one of the earliest reports on megalencephaly Campbell (1895) noted 
its occurrence in 15 instances out of a series of 1,148 autopsies at the 
Garland Asylum. 6 of the patients had suffered from mania, 5 from 
epilepsy, 2 from dementia, | from G.P.I. and 1 from melancholia. Hydro- 
cephalus and an increase in the number of glial cells were noted in the 
cortex of a case contributed by Middlemass (1895). Walsem (1899) 
reported an increase in glial cells together with poor indication of cortical 
lamination. There was also a great increase in the number of cortical 
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glial cells in the case contributed by Morley Fletcher (1900). Some hydro- 
cephalus and loss of nerve cells in the frontal lobe were observed by Anton 
(1902), while no histological description was supplied with the case 
reported by Haberlin (1906). No microscopical change was seen by 
Hansemann (1908) in his case of a 16-year-old epileptic and he claimed 
that it was one of true hypertrophy. The account of the histological 
methods used by him would not, however, be regarded as adequate to-day. 
Volland (1910) reported gliosis of the cortex, an increase in the distance 
between the cortical nerve cells and a narrowing of the pyramidal layer 
in the cortex. Glial hyperplasia was also present in Schmincke’s (1920) 
case. Weil described the case of a boy who developed normally till he was 
6 and had then suffered from an illness resembling chronic encephalitis. 
He died a year later and the brain was found to weigh 1,856 grammes, and 
showed glioblastomatosis of the pons, medulla, mid-brain and thalamus. 
The cortex was wide and showed hypertrophy of the neuroglia. Weil 
quotes another case of megalencephaly associated with glioblastomatosis 
reported by Marburg (Marburg, 1907 quoted by Weil 1933). Widening 
of the cortex and diffuse proliferation of protoplasmic glia were the 
findings of Peter and Schliiter. These workers thought that the individual 
nerve cells were also enlarged, but failed to explain how their measure- 
ments were controlled. No Nissl substance was demonstrated in the nerve 
cells in the case reported by Wilson (1934). 

Megalencephaly was reported in 2 cases of hemihypertrophy by Apley 
and Symons (1947) but their short neuropathological account indicated no 
cerebral abnormality, and the increase in the weight of the brain—1,450 
grammes and 1,770 grammes in one-year-old infants—remained unexplained. 
In another case of hemihypertrophy reported by Rugel (1946) the brain 
weighed 1,670 grammes in an infant aged 2 years and the histologicai 
examination showed extensive oedema and congestion. Sections of the 
larger half of the brain were more cellular than those of the opposite side, 
the cells being chiefly of the glial supportive variety. 

The association of megalencephaly with changes in the white matter 
has also been noticed. In a case of amaurotic idiocy reported by 
Bielschowsky (1920) of a child aged 214, the brain weighed 1,690 grammes, 
the white matter of this brain showed a considerable amount of destruc- 
tion. This association of amaurotic idiocy with megalencephaly has also 
been reported by Savini (Savini 1913 quoted by Bielschowsky, 1920) and 
by Davison (1942). Megalencephaly was associated with Schilder’s disease 
in a case reported by Canavan (1931), and with status spongiosus in an 
unpublished case of W. Blackwood. 

The above summary of the recorded cases indicates that megalen- 
It has, on the 


cephaly cannot be regarded as a condition sui generis. 
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contrary, been associated in most, if not in all, of the recorded cases with 
other pathological processes. Hydrocephalus was associated with it in 
only 2 cases, but it is possible that this association is more frequent, 
since later observers might well have felt disinclined to record cases in 
which the occurrence of such a relatively common condition as hydro- 
cephalus obscured the co-existence of the much rarer megalencephaly. 

The present case falls like most, if not all, of the previous cases into 
the group of secondary megalencephaly. 

Etiology.—No suggestion can usefully be made regarding the etiology 
of the condition. It is even uncertain whether it was congenital or acquired, 
though it was, perhaps, more likely to have been congenital in the present 
instance. Alexander was, however, more inclined to think of acquired 
causes in his case. The hyperemesis of the mother during pregnancy in 
the present case and the repeated hemorrhages caused by placenta praevia 
in Alexander's case may be significant. But, it is also possible that the 
hyaline neuropathy was only one common link in a differing concatenation 


of ztiological factors. 


SUMMARY 

The present communication records the case of a child in whom 
convulsions commenced at the age of + months. His head gradually 
increased till it measured 53:7 cm. at the time of his death at 2 years 
and 2 months. There were, however, no signs of raised intraventricular 
tension. He remained mentally an inaccessible idiot and developed gradu- 
ally generalized rigidity and opisthotonos. The pathological findings were 
megalencephaly with a moderate localized dilation of the lateral 
ventricles, status spongiosus of the white matter and its complete destruc- 
tion in certain areas. The cerebral cortex overlying these areas of 
maximum destruction of the white matter showed great loss of nerve 
cells and glial proliferation. Similar changes were present in all the nuclei 
of the basal ganglia. Numerous hyaline bodies were present throughout 
the central nervous system and in the available proximal portions of the 
cranial and spinal nerves. These bodies were particularly dense in the 
subpial zone of the cortex, the brain-stem and spinal cord, around the 
blood vessels and in the area of the subarcuate fibres of the centrum semi- 
ovale. Their staining properties resembled those of fibrin and fibrinoid 
material, but they were negative to PAS and only partially argyrophilic. 

A similar case was previously recorded by Alexander, who thought 
that the hyaline bodies were formed as a result of a fibrinoid change in the 
fibrillary processes of astrocytes. This interpretation is criticized in the 
light of the new findings. It is tentatively suggested that the hyaline 
bodies have been formed as a result of an interaction between the formed 
16 
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tissue elements in the brain and nerves with the ground substance or 
with the derivatives of the cerebrospinal fluid or plasma. 

The literature on megalencephaly is reviewed and it is suggested that 
most, if not all, of the recorded cases fall, like the present one, into the 


group of secondary megalencephaly. 


I am greatly indebted to my lay and medical colleagues at the Fountain 
Hospital for their co-operation and access to case records. Mr. J. E. Stevens 
has assisted in the photographic and Mr. J. E. Watt in the histological 


work. 
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ELECTRICAL METHODS IN DIAGNOSIS AND PROGNOSIS OF 
PERIPHERAL NERVE INJURIES AND POLIOMYELITIS 


BY 


C. B. WYNN PARRY 
(From Medical Rehabilitation Unit, R.A.F., Chessington) 


WHEN a subject sustains an injury to a peripheral nerve or contracts 
poliomyelitis, there are two questions to be answered: When can recovery 
in paralysed muscles be expected and what degree of recov ery will occur? 
In the Royal Air Force it is essential to know as soon as possible whether 
such patients are likely to return to full capacity in their original trade, 
to have to change their trade. or to be invalided from the Service. An 
analysis of all cases receiving treatment at the R.A.F. Medical Rehabilita- 
tion Unit, Chessington, since 1945 showed that patients with peripheral 
nerve injuries, poliomyelitis and severe fractures spent the longest times 
under treatment. 

Hence, any technique that can give advance information of recovery 
is of very great value. 

In the case of peripheral nerve injuries, it is recognized that a certain 
degree of muscle reinnervation must occur before a clinical contraction 
is obvious (Newman and Livingstone, 1947). Furthermore, it is often 
difficult to be sure whether a muscle is contracting or not, particularly in 
the small muscles of the hand, and trick movements can be very confusing. 
Sensory recovery, as judged by Tinel’s sign, is not a reliable index of motor 
recovery—in 3 of our cases—all lesions of the ulnar nerve at the wrist— 
Tinel’s sign suggested progressive sensory recovery and a fair degree of 
sensation returned, but eighteen months after suture no motor recovery 
had occurred. 

In poliomyelitis it is difficult to give an accurate prognosis. It is 
therefore important to distinguish early on in the disease those cases that 
will make a good recovery and those with poor prospects, so that treatment 
will not be prolonged unnecessarily, nor withheld from those who might 
have benefited materially from it. 

Realizing the limitation of clinical assessment in these conditions, 
workers have for many years been investigating the use of electrical 
methods in diagnosis and prognosis. The conventional faradic galvanic 
test has until recently been the main standby and is still widely used. 
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The test is not a sensitive index of recovery, its results cannot be 
expressed quantitatively and so be compared week by week, and it is 
often negative in the presence of perceptible voluntary contraction. Furthe1 
evidence will be presented in this paper to suggest that the test is not 
only of little practical value but also that it is misleading and often 
gives false information. 

In order to overcome the limitations of this test and to expresss the 
results of electrical examination of muscle quantitatively, several new 
techniques have been introduced. These methods can be divided into 
three main classes. 

First, methods which allow the plotting of strength duration or 
strength frequency curves on muscle. These methods depend on the dif- 
ference in excitability between muscle and nerve. A long duration elec 
trical impulse is applied to the muscle under test and the amount of 
current required to elicit minimal contraction (rheobase) is measured and 
expressed in milliamps or volts. The duration of the impulse is progres 
sively shortened and the intensity of current required to produce minimal 
contraction measured for each duration. A curve relating strength of 
current and duration of impulse can now be drawn. In normally inner- 
vated muscle the intensity of current for minimal contraction is the same 
over a wide range of pulse durations and has only to be increased when 
very short pulse durations are used. This is due to the great excitability 
of nerve which has a short chronaxie (0°06 millisecond or less in this series). 
When muscle alone is being stimulated (i.e. denervated muscle) the curve 
is no longer a horizontal straight line but a steeply rising parabola and no 
response is elicited at the shorter pulse durations. This is due to the much 
lower excitability of muscle compared with that of nerve (chronaxie 10 
milliseconds or greater in this series). During recovery, i.e. partial inner- 
vation, the curve is broken showing elements of both excitable tissues — 
muscle and nerve. Fig. | shows the three classical curves of normal 
denervated and recovering muscle. The use of strength frequency stimu- 
lators depends on the fact that muscle responds best to low frequencies 
and nerve to higher frequencies. Their use has so far been confined to 
the U.S.A. (Pollock, 1945: Rodriquez et al., 1951). 

The characteristic strength duration curves of denervated, recovering 
and normal muscle have been well described (Ritchie, 1944+: Pollock et al., 
1944: Tvler. 1950) but there has been no detailed description of the changes 
in strength duration curves during recovery in a large series of cases seen 
over a long period of time. The results of such an investigation are pre- 
sented in this paper. 

The second class of methods makes use of the inability of denervated 


muscle to accommodate to slowly rising currents—or so-called progressive 
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Fic. 1.—Stre..gth duration curves on normal, denervated and recovering muscle. 


Phe top curve was taken from the right abductor digiti minimi, four months after a 


complete lesion of the ulnar nerve at the elbow and is a characteristic curve of 
lenervated muscle. The middle curve was taken from the right abductor pollicis 
brevis ten months after suture of the median nerve 3 in. above the wrist and is 
characteristic of recovering muscle. The left-hand portion of the curve represents 
the response of reinnervated fibres and the right-hand portion that of denervated 
fibres. The bottom curve was taken from a normal anterior tibial muscle. 


currents. The progressive current ratio is measured, which is the ratio of 
threshold of contraction for progressive current to the threshold of con- 
traction for a galvanic current of infinite duration. This ratio is unity in 
denervated muscle and a rise in value indicates recovery. The galvanic 
tetanus ratio is estimated by comparing the strength of galvanic current 
required to cause tetanus with the rheobase value. The ratio is approxi- 
mately 5 in normal muscle and approaches unity in denervated muscle. 

Both these methods have been widely used in the U.S.A. but opinion 
is divided as to their value. They do not seem to be so reliable or sensi- 
tive an index of recovery as strength duration curves and they have the 
great disadvantage of being painful to the patient. Neither method has 
been used in this investigation. 


The third class of methods uses direct examination of muscle by 
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clectromyography. Here, the potentials accompanying muscle contrac- 
tion are picked up by needle or surface electrodes, amplified and displayed 
on a cathode ray screen. They are also relayed through a loudspeaker 
(Weddell, Feinstein and Pattle, 1944; Richardson, 1950). 

The normal motor unit potential is a smooth diphasic wave of duration 
5-10 milliseconds and amplitude up to 2 millivolts. Monophasic and 
triphasic normal potentials are also seen. The characteristic potential 
found during recovery from lower motor neurone lesions is a complex 
polyphasic wave form of much longer duration and making a hars! 
grating sound in the speaker in contrast to the smooth booming sound 
of a normal potential. Very short duration complex potentials have been 
described as the earliest signs of reinnervation 

Denervated muscle fibres have the property of spontaneous rhythmic 
contraction and the potentials so produced can be picked up by the electro- 
myograph and are seen as spikes of low amplitude and short duration (i 
millisecond) recurring at a regular rate and making a high pitched clicking 
noise in the speaker. They are seen at rest and are an absolute indication 
of denervation. 

It has been recognized for some years that both the strength duration 
curve and the electromyograph will indicate the presence of reinnervation 
some time before clinical recovery is obvious. A good clinical electro- 
myograph is, however, a large and expensive piece of apparatus and 
requires considerable experience for its proper use, whereas an electronic 
stimulator is portable and relatively cheap and the technique and inter- 
pretation of strength duration curves can be learned fairly easily. It is 
therefore valuable to know the relative merits of each. 

The present paper describes an investigation into 72 cases of peripheral 
nerve injuries and poliomyelitis in which serial intensity duration curves 
have been plotted and electromyographic investigations made at fort- 
nightly intervals from the earliest date seen after injury until maximal 
clinical recovery possible had been obtained. 

The research was designed to answer three main questions — to what 
extent are these electrical methods of use in foretelling recovery, how 
accurate a guide to functional recovery are they, and what are the relative 
merits of the two methods. 

MATERIAL 

The work described in this paper was performed at the Medical 

Rehabilitation Unit, Chessington. 


The 72 cases in this series were in-patients at the Unit and were com- 


prised of 27 cases of poliomyelitis, +1 cases of peripheral nerve injuries, 


3 cases of neuralgic amyotrophy and | case of peripheral neuritis. 
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The 41 cases of peripheral nerve injuries were divided as follows: 
Median nerve lesions oe ee = 9 9 sutured 
Ulnar nerve lesions 9 sutured 
Radial nerve lesions ... are a id | sutured 
Median and ulnar nerve lesions combined i sutured 

none sutured 

none sutured 
none sutured 
not sutured 


+ 


Lateral popliteal nerve lesions 
Circumflex nerve lesions 


C5-6 palsies a oe 
Complete brachial plexus lesion 


—m Ime — GY 


61 per cent of these peripheral nerve injuries had sufficient return of 
voluntary power and sensation to return to full duty. 2 cases of ulnar 
nerve palsy and | case of median nerve palsy made good neurological 
recoveries but were invalided because of associated joint disabilities. 28 
of the 41 cases (68:3 per cent) made good neurological recoveries, of the 
remaining 13 cases 3 (7°3 per cent) had partial recovery and 10 no recovery 
24.3 per cent). 

Of the 27 cases of poliomyelitis, the legs were affected in 17—in 14 
one leg and in 3 both legs. In 7 both arms were affected and in 3 of these 


— 


the thenar muscles were involved. 3 cases had both arms and legs 
affected. 

On discharge 9 of the cases had to use sticks, + others wore calipers (3 
full length and 1 below knee) and on 2 patients mid-tarsal arthrodeses 
were performed. All the cases of poliomyelitis were able to take up suitable 
full-time employment and roughly half went to Government Training 
Centres to learn new trades. 

All 3 cases of neuralgic amyotrophy had paralysis of the shoulder 
girdle and made a full recovery. 

The average time of stay at the Unit was eight and a half months for 


the cases of poliomyelitis and seven months for peripheral nerve injuries. 


TREATMENT 

Poliomyelitis — all the cases received full-time rehabilitation. They 
met together at the beginning of the day for half an hour, as a class, for 
general P.T. or a game of sitting volley-ball. The rest of the day was 
taken up with specific exercises in the physiotherapy department and warm 
pool, remedial occupational therapy, swimming, individual walking 
exercises and massage and electrotherapy when indicated. All cases with 
completely paralysed muscles received interrupted galvanism for twenty 
minutes a day from the R.A.F. Type IV Electronic Stimulator. This 
instrument provides a trapezoidal pulse of 300 milliseconds duration and 
edge duration 60 milliseconds with voltage variable from 0 to 200 volts. 
This treatment to the denervated muscles was continued until either they 
recovered sufficiently for active exercises to be substituted or it was clear 
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that no functional recov ery could be expected and no useful purpose would 
be served by continuing treatment. 

Peripheral nerve injuries — all cases received a full day’s rehabilitation 
programme during recovery. During the stage of denervation, whilst 
awaiting the beginning of recovery, part-time work was found for them 
on the Unit. Treatment consisted of exercises in the class and physio 
therapy departments, oil massage to adherent scars, remedial occupational 
therapy, and twice daily interrupted galvanism for twenty minutes to all] 
denervated muscles. 

‘TECHNIQUE 

All patients were seen at least once a week. In the cases of peripheral 
nerve injuries, each muscle supplied by the injured nerve was examined 
clinically and its power assessed on the M.R.C. grading 0-5. Sensation 
Was examined with cotton-wool, pin-prick and Tinel’s sign. In 6 of the 
cases, monthly sweating tests were performed. Serial intensity duration 
curves were taken at fortnightly intervals and in many cases at weekly 
intervals. The patients with poliomyelitis were seen at least once a week 
and full muscle charts were taken at monthly intervals. At each occasion 
of electrical testing, the muscle being examined was graded clinically 0-5 
before test. The physiotherapist in charge of the patient was instructed 
to report to the medical officer immediately he or she noted the first 
appearance of a clinical contraction and the patient was at once seen by 
the medical officer to confirm the finding. In every case the muscles 
selected for regular testing both with strength duration curves and electro- 
myography were those most likely to show recovery first. 

The R.A.F. Electronic Stimulator Type V was used to plot the strength 
duration curves. This apparatus was designed and produced by the Tech- 
nical Repair and Development Section in 1949 to meet a clinical specifica- 
tion drawn up by the M.R.C. 


The performance e of the instrument may be summarized as follows: 


(1) Pulse durations —Ten pulse widths are available as follows: 300, 
100, 30, 10, 3, 1-0, 0-3, 0-1, 0°03, 0°01 milliseconds. 

(2) Pulse repetition frequencies—Three P.R.F.’s are available—0°'5, 5 
and 50 pulses per second. 

(3) Pulse amplitude—Maximum pulse amplitude is 200 volts for all 
pulses, the amplitude variation over the available range of pulse durations 
and P.R.F.’s is less than 5 per cent. 

(4) Output control_—The output control permits the pulse amplitude to 
be smoothly raised from zero to 200 volts with a negligible effect on the 


pulse waveform. The output scale is linear and is directly calibrated in 





nm 
ios) 
nn 


ELECTRICAL METHODS IN DIAGNOSIS 


volts. A separate amplitude control (marked set pulse), used in conjunc- 
tion with a calibrating system permits the output to be standardized at 
200 volts irrespective of mains voltage variations. 


(5) Pulse waveforms.—The pulse waveform is essentially flat topped for 
all pulses. Rise and decay times are negligible compared with the pulse 
durations. In the case of the 0:01 millisecond pulse, rise and decay times 
are each approximately 0-001 millisecond. 

(6) Output impedance.—Although output impedance varies with the 
setting of the output control it does not exceed 500 ohms at maximum 
output. 

(7) Circuit description.—A transitron oscillator produces timing pulses 
at 0'5, 5 and 50 per second. These pulses are used to trigger a cathode- 
coupled flip-flop, the period of which may be varied by means of the 
pulse width control. The positive going flip-flop pulse drives a beam 
power tetrode valve via a cathode follower, the output valve being cut off 
in the interval between pulses. 

Thus, steep-sided negative going voltage pulses are produced at the 
anode of the output valve. A telephone receiver is arranged to provide 


optional audible monitoring of the pulse output. 


STRENGTH DuRATION CURVES 

A strength duration curve is obtained as follows: The technique will 
be described in detail as we have found that only by strict adherence to a 
standard technique can accurate results be obtained. 

The skin over the muscle is washed well with soap and water and 
dried. The muscle is then heated for ten minutes under. an infra red 
lamp, supervised by a physiotherapist. The reason for this preparatory 
heat will be discussed later. The skin is then well soaked in weak (1 per 
cent) warm saline solution. Two | cm. brass electrodes covered in lint are 
then laid gently on the muscle in its jongitudinal plane on either side and 
equidistant from the point across which the best contraction is produced. 
The exact placing of the electrodes varies according to the size of the 
muscle. For the small muscles of the hand, the electrodes are applied 
at either end of the muscle, for larger muscles they will be farther apart. 
With the quadriceps, for example, the electrodes are + in. apart. Care 
is taken that there is minimal pressure of the electrodes on the muscle. 
We have found that even slight pressure on the muscle can conceal a 
minimal contraction from sight. 

We have used the longitudinal reaction in all cases (including normals) 
in preference to an indifferent electrode on the spine and an active elec- 
trode over the motor point. We have found that with the latter method, 
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spread of the current to adjoining muscles can be very confusing, pat 
ticularly when the adjoining muscles are normal and the muscle being 
tested is denervated or partially innervated. With the longitudina 
reaction, the current can be concentrated between the electrodes in thx 
plane of the muscle and spread of the current is much less troublesome 
The pulse duration selector switch is set at 300 milliseconds, the pulse 
repetition frequency to 05 (one impulse every two seconds) and thx 
apparatus is checked to ensure accurate calibration. The voltage is then 
gradually increased until a good contraction of the muscle is observed 
and the quality of the contraction—whether brisk or sluggish—is noted. 


6-8 strong contractions are produced, for we have found this useful a 


a final precaution in lowering skin resistance and the rheobase will then 
be the same at the end of the test as at the beginning. 

The voltage is then gradually lowered until the contraction disappears 
The voltage is increased again a fraction at a time until the contraction 
just appears. This voltage is read off the dial and recorded, and is by 
detinition the rheobase. With the Electronic Stimulator used, the end 
point for the rheobase is highly critical. Lowering the intensity by | 
volt causes the contraction to disappear. The pulse duration switch is 
then moved to the 100 millisecond position, without altering the voltage 
or the position of the electrodes, and the muscle again observed. If the 
contraction has disappeared the voltage is increased until it reappears and 
is then slowly reduced until it again disappears. Once more the voltage 
is increased until the minimal contraction is seen and the reading on 
the voltage dial recorded. The voltage required to produce minimal 
contraction at the remaining 8 pulse durations is determined in the same 
manner. A curve is now drawn relating pulse duration with voltage 
the so-called strength duration curve. 

In the majority of normal muscles a response is found with the shortest 


pulse durations. In denervated muscles. it is found that at the shorter 


pulse durations, no contraction is seen with the maximum output of 200 


volts. It is clear that when there is no response with 200 volts at say 0°3 


millisecond, there is no need to test the muscle at shorter pulse durations 
and there will only be 6 points for the curve. 

It is more accurate for the examiner who is testing the muscie both 
to manipulate the switches and voltage dial and observe the contractions. 
It is of great convenience to have someone at hand to record the figures 
as they are obtained. 

The muscle must be well lit and not allowed to become dry during 
the test, as may well happen in hot weather. 

Where muscles insert by easily palpable tendons, it has been found 
more accurate to watch the contraction between the electrodes and to feel 
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for the tendon movement. Particularly with the dorsiflexors of the ankle, 
no contraction may be visible yet a movement of the tendon is palpable. 

On completion of the test, the voltage dial is returned to zero before 
returning the pulse duration switch back to 300 milliseconds. Omission 
of this precaution has on occasions led to the passing of a current of 200 
volts of 300 milliseconds duration through the exaniiner if he is holding 
the active end of the electrodes, which if not dangerous is extremely 
unpleasant. 

Very few patients have found the test uncomfortable—some patients 
find the 300 miilisecond pulse, particularly with a high rheobase, rather 
a sharp and unpleasant sensation. In these cases the rheobase is taken at 
100 milliseconds instead. At the shortest pulse durations, even 200 volts 
is barely perceptible. In no case has a test had to be stopped because of 
discomfort to the patient. All patients found the 300 millisecond pulse 
preferable to conventional interrupted galvanism and preferred the | 
millisecond pulse to conventional faradism. 

On an abnormal muscle the average time for performing a strength 

duration curve is four minutes. A curve on a normal muscle may take 
as little as 50 seconds to perform. 
SKIN RESISTANCE 
The stimulator used in this research is what is termed a “constant 
voltage” stimulator in which the output impedance is low and a known 
voltage is produced across the output terminals. The “constant current” 
stimulator has a high output impedance and the current in the tissues 
between the electrodes is rigidly stabilized. 

Supporters of the constant current technique claim that their results 
are more accurate as they are more independent of changes in skin resis- 
tance. On the other hand, the constant voltage technique is often more 
comfortable for the patient. Ritchie (1948) summed up the state of affairs 
admirably when he wrote: 

“The choice between constant voltage and constant current stimulators 
depends to some extent on their sphere of application. The latter type 
of output is more completely independent of electrode and tissue variation 
than is the former, in that the current penetrating the tissues between the 
electrodes is very rigidly stabilized, for although the constant voltage 
output provides a known voltage at the electrodes, a great part of this may 
be expended in overcoming an unusually resistive skin. In practice, how- 
ever, because the exact internal distribution of current and voltage as 
between tissue components is not (and cannot be) known, the point is 
largely academic and the constant voltage technique with good skin 


preparation is perfectly satisfactory.” 
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A series of simple experiments were performed in order to find out 
the best method of preparing the skin prior to performing a strength 
duration curve. 

We have noticed for some time that the voltage required to produce a 
therapeutic contraction in patients receiving electrical treatment in the 
physiotherapy department is lowered by previous application of infra-red 
radiation. It has also been noticed that the voltage required for a thera- 
peutic contraction becomes lower actually during treatment, and it was 
possible that both infra-red and electrical stimulation Iowered the skin 
resistance by the same means, 1.e. by the effect of heat. 

30 patients suffering from poliomyelitis or peripheral nerve injuries 
were chosen—10 with denervated muscle, 10 with muscles showing early 
recovery, and 10 with muscles showing advanced recovery. Strength 
duration curves were taken on each muscle under the following circum- 
stances after ten minutes infra-red, after twenty minutes appropriate 
electrical stimulation (“interrupted galvanism” in denervated muscles and 
“faradism” in recovering muscles) after ten minutes constant current 
galvanism (average strength 10 milliamps) and after no preparation at all. 
A strength duration curve on the muscle was performed and the figures 
recorded. Immediately on completion of this test, another curve was 
taken without moving the electrodes and the process repeated until two 
successive curves gave identical readings, when it was concluded that the 
skin resistance had been lowered to a constant level. With no skin 
preparation at all, the curves gave successively lower readings and as many 
as 8 curves might have to be taken before two successive curves gave 
identical results. The average drop in voltage for each point on the curve 
between the first and last curves was calculated under the four different 
conditions, and the results were as follows: 

With no skin preparation at all, the average drop in voltage was 3 
volts, after ten minutes constant current the drop was 3 volts, after appro- 
priate electrical stimulation 3 volts, and after infra-red radiation the drop 
was 2 volts. Furthermore, many more curves had to be taken when there 
was no skin preparation before identical readings were found than with 
the 3 skin preparations. 

In no instance did the curves alter in shape. Any kinks or dis« ontinui- 
ties were found in exactly the same positions on the curve in successive 
estimations and lowering of the threshold was the only difference observed. 
This agrees with Adrian’s findings in 1916. He measured the chronaxie 


of the denervated tibialis anticus without preparation, after massage, after 


exposure to cold for an hour and after exercise and found it to be exactly 


the same. 
It will be seen that there is no significant difference between the effects 
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of the three different methods of skin preparation but that these methods 


do have a significant effect in lowering the skin resistance. As the applica- 


tion of ten minutes infra-red is the simplest procedure of the three, all 
patients received infra-red radiation on the muscles to be tested for ten 
minutes immediately prior to testing. 
é < 

It was thought advisable to have standard conditions for the test in 
which the skin resistance was as low as possible for two main reasons, first 
so that the significance of variations of the rheobase with recovery could 
be assessed and secondly so that a curve with as many points as possible 
could be drawn 

If the threshold of the curve is high, insufficient lowering of skin 
resistance may result in a point on the curve being missed. 

To sum up, standard precautions used to lower the skin resistance 
comprise washing the skin well with soap and water, heating the muscle 
for ten minutes with infra-red and producing 6-8 strong contractions of 


the muscle with the 300 millisecond pulse before commencing the test. 


NERVE CONDUCTION 


Before the electromyographic investigation proper is started, the main 
nerve trunks in the limb are stimulated with a | millisecond pulse and the 
voltage required to cause contraction in the muscles they supply is 
measured and compared with the voltage required on the normal side. At 
the same time the examiner notes which particular muscles are contract- 
ing and which are not. 

In the early stages of recovery in peripheral nerve injuries, the 
threshold for nerve conduction is considerably higher than normal. Con- 
duction is therefore tested on the normal side first and a voltage of at 
least double the value for the normal side must be applied, provided the 
patient can tolerate it, before nerve conduction can be said to be absent. 
The nerve trunks are stimulated at accessible points in their course—for 
example in brachial plexus lesions at Erb’s point, in median and ulnar 
nerve injuries at the wrist and elbow, the active electrode being applied 
over the nerve and an indifferent electrode over the dorsal spine. 

The test has three purposes: First to determine whether conduction is 
present or not in the nerve under test and which muscles are innervated, 
thus affording a general picture of the stage the nerve has reached on its 
journey down the limb. Secondly to determine the site of conduction block 
in neuropraxia. Thirdly to rev eal any abnormalities of innervation — in 
two of our cases of median nerve injury, for example, the opponens pollicis 


was supplied by the ulnar nerve. 
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TECHNICAL DESCRIPTION OF THE ELECTROMYOGRAPH Type 1, SUPPLIED BY 
Mr. R. BRENNAND 


This apparatus was designed during 1948-49. The main design considerations 
were: (1) That the apparatus would be used by the medical officer for routine 
clinical myography, and (ii) that the apparatus must be simple in operation, since 
no technical assistant would be present. 

For the purpose of description the apparatus may be conveniently divided into 
various units. Al} except the head unit and magnetic recorder are housed in 
rack measuring 5 ft. 3 in. x 1 ft. 6% in. x 2 ft. 4 in. 

(1) Head unit.—This unit is arranged to be positioned near the patient and 
controls the switching of the various electrodes. 

Two four-way switches are emploved to connect the electrodes to the amplifier 
input sockets. The switch control knobs have the following positions: Off, Needle 
Electrodes, Surface Electrodes, Off. The surface electrodes are of the suction type 

(2) Amplifier Panel. 

(2) (i) Amplifiers ——Two differential type amplifiers are used having a very high 
in phase, anti-phase gain ratio. Means are provided for the balancing out of the 
unwanted signals. Under certain circumstances the discrimination, in favour of 
the desired signal may exceed 3,000/1. 

The overall amplifier response is such, that the gain is approximately 3 D.B 
down at 12 C.P.S. and 12 kc’/s. 

Stepped attenuators are employed, these being calibrated in terms of the 
cathode-ray tube screen deflections, i.e. the input in microvolts required to produce 
1 cm. deflection on the C.R.T. screen. The attenuator scales have six positions thus: 
co, 1,000, 300, 100, 30, 10 microvolts per cm. 

The first two stages employ EF.40 valves having very low microphony, A 
pentode is employed as a common cathode load in the second stage to increase thx 
degeneration for in phase signals. Signal to noise ratio at 10 microvolts per cm. is 
approximately 3:1. The amplifier outputs are fed to the “Y” plates of the cathode 
ray tube via a beam-switching circuit mentioned below, and to a_ loudspeaker 
amplifier feeding a 10 in. moving coil loudspeaker. The output from one amplifier 
may also be fed to a magnetic tape recorder. Additional amplifier outputs are also 
fed to the peak-to-peak meter, vide para. 2 (ii). For ease of operation a main selectot 
switch is used on the amplifier panel. It has five positions. In the first two, the 
calibrator waveform may be fed at any predetermined level into either of the 
amplifiers. In the third position the amplifiers are connected to the head unit, and 
in the fourth and fifth positions the stimulator output may be directed to the 


electrodes of either channel. 


2 (ii) Meter circuits——The output from each amplifier is fed to an electronic 


peak-to-peak reading meter. The meter scales are calibrated in terms of the C.R.T 
screen deflection, i.e. 0-100 M/M/S deflection, 

(3) Cathode ray tube circuits—To ensure good focus with a large screen display 
of adequate brightness a 12 in. single beam tube operating with a final anode 
potential of 6 kv. is employed. An electronic beam switching circuit provides two 
traces, the switching frequency being 15 kc/s. A linear time-base with a frequency 
range of approximately 5-50 per second is used. The time-base flyback is suppressed. 

(4) Electronic stimulator—This unit provides 6 pulse durations—100, 30, 10. 1, 
0-3 and 0-1 milliseconds, at a maximum amplitude of 200 volts peak-to-peak. The 
three longest pulses have a fixed recurrence frequency of 30/minute, and may be 
fed via the main selector switch on the amplifier panel to either of the patient 
electrode systems. The three shortest pulses are driven by the positive going edge 
of the flyback suppression wave-form. Thus, when used for nerve conduction time 
measurements or for the study of fatigue times the stimulus artefact appears at the 
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commencement of the C.R.T. sweep and may be balanced out if not required. This 
latter condition is desirable in fatigue time measurements so that the peak-to-peak 
meters measure the true amplitude of the action potential. The stimulator output 
control is directly calibrated in volts and the output is monitored by a_ pulse 
voltmeter. 

(5) Magnetic tape recorder—This apparatus may be used to provide a permanent 
record of the various waveforms displayed on the C.R.T. 

In addition, the spoken comment of the specialist may be added to afford a 

mplete record of the case and the measurement conditions. 

Electromyography.—The patient is arranged in a position of relaxation and 
comfort, lying on the couch, when muscles of the leg and ‘back are being tested, 
and sitting opposite the examiner with the arm resting on the couch when the 
muscles of the arm are being tested. 

Prior to testing, the muscles to be explored are heated for ten minutes under 
an infra-red lamp. We have found this an essential precaution if scanty fibrillation 
potentials are to be picked up and in many cases the detection of fibrillation 
potentials is of paramount importance in the diagnosis of lower motor neurone 
esions. The skin is then well prepared with ether and a needle electrode inserted 
quickly and firmly into the substance of the muscle at the motor point. The patient 
is asked to keep the muscles completely relaxed and several areas of the muscle at 
varving depths are searched for fibrillation potentials. 

If the diagnosis rests on the presence or absence of fibrillation potentials and they 


ire not found on this examination, an injection of 2:5 mg. prostigmine is given 
ntramuscularly. This takes approximately ten minutes to take effect, and if part 
or the whole of the muscle is denervated, fibrillation potentials will almost invariably 
be revealed. 

Next, the patient is asked to attempt voluntary contraction and any potentials 


produced are observed on the screen. In the earliest stages of recovery, where no 
clinical contraction is evident on attempted voluntary movement, a few short 
duration low amplitude potentials are seen, which quickly fatigue out, and it is 
essential to watch the screen very carefully as the patient attempts movement, in 
case they are missed. The patient is then asked gradually to attempt a maximal 
contraction and the number, duration and amplitude of any potentials produced are 
observed and whether they partly or completely obliterate the base-line. Many 
reas of the muscle are examined as activity may be found in some parts but not 
n others. Even in a normal muscle contracting maximally, silent areas can be found. 

It is particularly important to explore the muscle well in the earliest stages of 
recovery as there will only be one or two small areas where the signs of recovery are 
to be found. Precautions were taken to study only repetitive potentials. Complex 
waveforms similar to true complex potentials can be produced by 2 or more simple 
potentials interfering. As these interfering potentials usually have different fre- 
quencies, they soon resolve into their separate components and their true nature 
can be seen. 

Movement of the needle electrode is painful when the muscle is contracting, so 
the patient is asked to relax the muscle when it is being explored. The potentials 
an be spread out to facilitate detailed examination by increasing the speed of the 
time-base and increasing the amplifier gain. 

When there is doubt as to what muscle the needle electrode is in, a galvanic 
impulse can be passed down the needle from the built-in electronic stimulator and 
the resultant movement observed. This is particularly useful when exploring the 
lumbricals and interossei, both of the hand and of the foot. 

Surface electrodes give an overall picture of the muscle and will not differentiate 
potentials accurately, nor will they pick up fibrillation potentials. In this investiga- 
tion they have only been used in the special tests described below. 
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In 10 cases, the amplitude of the complex potential on nerve stimulation 
recovering median and ulnar lesions has been measured at weekly intervals. Thi 
test is done in the following manner: Tiwo surface electrodes, held in position 
suction, are placed over the abductor digiti minimi or flexor pollicis brevis, we 
lubricated with electrode jelly A metal earthing electrode, also well lubricated 
with electrode jelly, is bandaged firmly on to the forearm. The nerve supply is n 
stimulated at the elbow with a | millisecond pulse (from the built in electroni 
stimulator) at the shortest pulse repetition frequency (0°5 per sec.), 

Che stimulus artefact appears on the screen followed at a certain distan 
representing the nerve conduction time, by the complex potential. The stimul 
artefact is “balanced out” until its height is minimal, usually of the order of | cn 

The voltage is now increased until a just supramaximal stimulus is bein 
delivered, as judged by the fact that further increase in voltage causes no furth« 
increase in amplitude of the potential. The amplitude of the potential is measuri 
n the peak-to-peak meter and expressed in arbitrary units of mm. screen deflecti 
lhe test is repeated at regular intervals and a curve of time against amplitudc 
complex potential can be drawn 

In 10 cases fatigue time-tests have been carried out. The technique is the san 
as for measuring the amplitude of the complex potential except that the time-bas 
is speeded up to give 10-a-second shocks and the time taken for the potential to | 
reduced to half its initial value is measured. We are grateful to Dr. A. 7 
Richardson for suggesting the details of this technique. The time for the potenti 
to be reduced to half its initial value is found to be significantly lowered in recover 
ing peripheral nerve injuries and poliomyelitis as compared with normal muscle. 

These two tests are only practical where the nerve supply to the muscle bein; 
tested is readily accessible—for example the ulnar and median nerves at the elbow 
and the lateral popliteal nerve at the knee. 





In general, potentials on the screen are best examined when electromyograph 
is performed in a darkened room and it is essential to have complete quiet. 
Often fibrillation potentials of very low amplitude are difficult to see on the scree! 


but it is only necessarv to hear the high-pitched clicking noise they produce in the 
speaker no other muscle potentials produce a similar noise, 


We have only found it necessary to give a sedative when examining voun 


children. Few patients find the examination painful enough to | 


be gained by local anesthesia, as this also involves 


ye really unpleasant 
and there is nothing to 
needle prick. 
RESULTS 
Strength Duration Curves 

I. Normal.—Curves were plotted on 312 normal muscles. 

The commenest muscles tested in the poliomyelitis cases were the 
quadriceps, tibialis anticus, deltoid and thenar muscles: and in the nervy 
injuries the abductor digiti minimi in ulnar nerve lesions, the abductor and 
flexor pollicis brevis in median nerve lesions, the extensor digitorum longus 
in radial nerve lesions and the tibialis anticus in lateral popliteal palsies. 
Hence these muscles were chosen for the plotting of normal curves and the 
extremes of normal are shown in fig. 2. It will be seen that in the normal 
muscle, the voltage required to produce a minimal contraction remains 
constant from the longest pulse duration of 300 milliseconds right up to 
0:3 millisecond. 39°4+ per cent showed a slight rise in voltage at 0-1 milli- 


second and 100 per cent showed a rise at 0°03 millisecond. 
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Fic. 2._Limits of normal curves in 312 normal muscles. As the rheobase varies 
from 14 to 104 volts, the rheobase has been reduced to unity in each case and the 
ordinate is expressed as voltage for minimal contraction at each pulse duration 


divided by the rheobase. 


61:5 per cent of normal muscles showed a contraction at 0:01 milli- 
second, and the average rheobase of these muscles was 47 volts, whereas 
in the 38°5 per cent that did not show a contraction at 0-01 millisecond, 
the average rheobase was 69 volts. The appearance of a contraction at 
the shortest pulse duration of 0-01 millisecond depends therefore largely 
on the rheobase — in those muscles which showed a contraction at 0°01 
millisecond the rheobase was below 50 volts in 60 per cent while in those 
that did not show a contraction at 0°01 millisecond, only 16 per cent had 
a rheobase below 50 volts. 

The rheobase varies in different muscles and is more variable in some 
muscles than others. The average rheobase for the normal muscles tested 
was as follows: 

Abductor digiti minimi 49 volts (extremes 25-75 volts) 
Abductor pollicis brevis 61 volts (extremes 40-100 volts) 
Flexor pollicis brevis 68 volts (extremes 47—104 volts) 
Tibialis anticus 28 volts (extremes 21-41 volts) 
Quadriceps 30 volts (extremes 18-38 volts) 
Extensor digitorum longus 22 volts (extremes 14—4]1 volts) 
Deltoid 21 volts (extremes 14-31 volts) 


BRAIN——-VOL. LXXVI 
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Il. Rheobase. Lhe values of the rheobase were analysed to discove 
if there was any tendency for the rheobase to rise or fall during recovery 
In the 11 cases that remained denervated throughout (10 peripheral ner 
injuries, | poliomyelitis) the rheobase hardly varied at all. 

59 cases were followed from denervation up to the stage whet 
maximum clinical recovery obtainable had occurred. In 59:4 per cent 0 
these the rheobase remained appreciably the same throughout—in 8 of thes 
cases the rheobase was extremely variable (in one lateral popliteal lesioi 
it varied between 54 and 100 volts) but there was no obvious trend uy 
or down. 

In 20°35 per cent there was an average rise of 28 volts during recovers 
and in 20°3 per cent there was an average fall of 22 volts during recovery 
here was no correlation between the particular lesion and change in 
rheobase. he 12 cases that showed a rise in rheobase, 6 were polio 
myelitis cases and 6 peripheral nerve injuries and of the 12 cases that 
showed a tall in rheobase 8 were poliomyelitis cases and 4 peripheral nerv 
injuries. 

[t is concluded. then, that in this series there is no significant rise 01 
fall of rheobase during recovery and estimation of the rheobase is of n 
prognostic value. 

‘urves in denervated muscles.—All curves plotted on denervated 
muscles were of the same general shape. The curve rises gradually at thi 
longest pulse durations and then rises steeply between 10 and 1 milli 
seconds The curve is smooth and shows no kinks or discontinuities. 

In fig. 3 are two curves taken at an interval of twenty-one weeks on 
the denervated gastrocnemius muscle of a patient with poliomyelitis, and 
the curves are seen to be prac tically identical. ‘The slope remains remark 
ably constant in denervated muscles until fibrosis occurs. when the thresh- 
old and slope rise progressively as a result of the increased resistance to 


the current presented by the fibrous tissue. ‘The number of points 


obtainable on the curve becomes progressively less until eventually no 


response can be obtained even with the longest duration currents. 

300 curves were plotted on denervated muscles. For the purpose of 
this investigation a muscle was accepted as completely denervated when 
either or both of two criteria were satisfied. The nerve could not have 
had time since suture to reinnervate the muscle. or on electromyography 
only fibrillation potentials could be demonstrated after extensive 
exploration. 

In 76 per cent of these 300 curves on denervated muscle a contraction 


was obtained at | millisecond. In 35 per cent a contraction was obtained 
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Fic. 3.—Strength duration curves taken from the left gastrocnemius muscle in 
a case of poliomyelitis. Lower curve four months after onset of paralysis. Upper 
curve twenty-one weeks later. Apart from a slight rise in the rheobase, which is of 


no significance, the curves are practically identical. 


at O'3 millisecond and in 22 per cent at 0'1 millisecond, though at a very 
high voltage. 

IV. Changes in the strengih duration curve during recovery —Of the 
72 cases in this series, |] remained denervated throughout, 59 were followed 
from denervation throughout the stage of recovery and 2 were not seen 
often enough to be included in this section. 

The first indication of reinnervation on the strength duration curve 
is the appearance of a kink or discontinuity in a curve which has until 
then been the smooth steeply rising curve characteristic of denervated 
muscle. The term “discontinuity” has been widely used in the literature 
but it is felt that the word “kink” although colloquial is more graphic 
and has the advantage of being shorter. In no case has a kink appeared 
and clinical recovery. however slight, not resulted. The kinks may first 
appear anywhere on the curve and always indicate the presence of 
reinnervation: exactly where they occur is not of prognostic significance. 


rhe first kinks are always small and occupy the region between two 
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adjoining pulse durations. ‘he commonest region where they first appeal 
is between the 3 millisecond and 10 millisecond pulse durations, the next 
commonest between 30 and 10 or 3 and |. In 66 per cent of the recovering 
curves the kink first appeared in the range 30 milliseconds—! millisecond 
In 17°6 per cent the kinks first appeared between 3 milliseconds and 0: | 


millisecond, i.e. in the shorter pulse durations. 


[t was found that there was a definite correlation between the changes 
observed in the strength duration curves and the degree of functional 
recovery that resulted. The changes in the curves will therefore be 
described in three main groups of patients—those that made good 
clinical recoveries, those who made fair clinical recoveries and those in 
whom clinical recovery was poor. 

35 patients (28 peripheral nerve injuries, 6 poliomyelitis, | neuralgic 
amytrophy) made good clinical recoveries. In all these cases the powe1 
of the muscles on which serial strength duration curves were performed 


was graded between + and 5 on the M.R.C. scale on discharge. 


After the appearance of the first kink, one of two changes was observed 
in the succeeding curves. Either the kink widened out, occupying a 
greater extent of the curve (62°5 per cent) or a new kink appeared so that 
the curve was kinked in two places (37°5 per cent). The second kink 
normally appeared close to the original one but its exact situation was 
not of significance. These two kinks then became combined so as to 
produce one long continuous kink. Next. the whole slope of the curve 
gradually fell. As a result of this fall in slope, new points appeared on 
ve curve as the muscle responded to the shorter pulse durations. The 
irve then became progressively flatter and lower in slope and _ finally 
became normal. In all these cases that made good clinical recovery, some 


lange Was noticed in the curve at each occasion of testing at fortnightly 





intervals. The change might be the appearance of a new kink, widening 





ut of an already existing kink, a fusion of two kinks, a fall in slope or 


appearance of new points. In none of these cases were two curves identical 


at monthly intervals. The average time from the apearance of the first 
kink to a normal curve was 6!4 months in the ulnar nerve lesions, 6 months 
in median nerve lesions, 8'4 months in lateral popliteal lesions and five 
inonths in poliomyelitis. 

In the majority of cases, the curve still showed a slight abnormality 
when clinical power was full. The average time between attainment of 
full clinical power and the appearance of a normal curve was five weeks. 
[he various changes described are represented graphically in figs. +10. 


5 patients (4+ poliomyelitis, | lateral popliteal palsy) were classed as 





ELECTRICAL, METIIODS IN DIAGNOSIS 


30 
MILLISECONDS 


Fic, +.—Strength duration curves on the abductor digiti minimi in a patient with 
an ulnar nerve lesion 2 in. above the wrist. Upper curve eighteen weeks after nerve 
suture showing a characteristic curve of denervated muscle. Lower curve two weeks 
later showing a discontinuity between 10 milliseconds and 3 milliseconds and appear 
ance of a new point on the curve (0°3 millisecond) 


having made fair clinical recoveries in which the muscles being tested 
electrically were graded between 3 and + on the M.R.C. scale on discharge. 

As in the cases that made good recoveries, the first sign of reinnervation 
was a small kink in the curve and successive curves showed double kinks, 
widening of kinks, and a general flattening and fall in slope. However, 
the time-relationship between changes in the curves was much longer and 


significant changes were only seen at intervals of two to three months. 


A stage was reached when the curve presented a long kink with a gradual 


rise in threshoid towards the shorter pulse durations but showing no 
response at the two shortest pulse durations. No further significant change 
was observed in the curves and comparison with curves taken nine to twelve 
months later showed practically no difference (fig. 11). 

19 patients (16 poliomyelitis cases, | peripheral nerve injury, | neuralgic 
amytrophy and | peripheral neuritis) were classed as having made poor 


recoveries, the muscles being tested electrically were graded between 
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10 30 
MILLISECONDS 
Strength duration curves on the abductor digiti minimi in same patient 
Lower curve one week later showing kink more pronounced (voluntary 
contraction was seen two weeks later). Upper curve eleven weeks Jater showing kink 
between 30 and 10 milliseconds \lthough the rheobase is higher, there is a slight 


fall in slope. 


flicker and 2 on the M.R.C. scale on discharge. In all cases a kink 


appeared and in 5 a double kink. But the kinks never widened out, nor 


did the slope fall appreciably and the curves remained practically 
identical over a long period of time. In some of the cases, the slope of 
the curves fell sufficiently for responses to be seen at the shorter pulse 
durations, but the overall slope of the curve was very steep (fig. 12). 

A normal curve was never found in cases showing poor or fair clinical 
recovery. 

The first evidence of reinnervation on the strength duration curve was 
taken to be the appearance of a definite kink in a curve which had 
previously been of the characteristic denervated type. 

The average time between the appearance of this first kink and the 
detection of a clinical contraction in the muscle was six weeks (extremes 
three weeks and three months). In no case was clinical contraction seen 


before the curve became kinked. 
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Fic, 6.—Strength duration curves on abductor digiti minimi in same patient as 


figs. 4 and 5. Upper curve one month later showing 2 distinct curves—that part 


vetween 300 and 3 milliseconds representing the response of denervated fibres and 
vetween 3 and 0-1 milliseconds that of reinnervated fibres. There is a fall in slope 
it the shorter pulse durations. Lower curve two weeks later showing flattening and 
videning of kink, which is now between 3 and 0-1 milliseconds. ‘There is a pro 


nounced fall in slope and appearance of new points on the curve 


V. Changes seen on clectromyography during recovery. Fibrillation. 
In the 11 cases that showed no recovery, fibrillation potentials were found 
it every examination, in 8 the activity was classed as profuse and in 3 
scanty. Injection of 2°5 mg. prostigmine intramuscularly into the three 
ases with scanty fibrillation resulted in a profuse discharge of fibrillation 
potentials within ten minutes. Injection of the same dose of prostigmine 
into the cases with profuse fibrillation resulted in a greatly increased 
activity best described as volley fibrillation. It was not found necessary 
to give atropine to counteract the side-effects of prostigmine. 

In the 24 cases that showed poor or fair clinical recovery. fibrillation 
was found at every examination, though it was necessary to inject 
prostigmine into 3 cases before it was revealed. 

In 19 (5 poliomyelitis cases, 14 nerve injuries) of the 35 cases that made 


good clinical recoveries, fibrillation potentials were found throughout 
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Fic. 7.—Strength duration curves on abductor digiti minimi in same patient as 
figs. 4-6. Upper curve three weeks later showing flattening of curve between 300 


g 
| 

and 3 milliseconds. The rheobase has risen to double its previous value and hence 
a response at 0-01 millisecond was not observed. Lower curve three weeks later. 


The curve is now practi ily normal. 


recovery and could still be detected in scanty amounts when clinical 
recovery was complete. 
In the remaining 16 cases, fibrillation potentials were no longer detect- 


able, even after prostigmine, on an average of 514 months after the first 


electromyographic sign of recovery was seen (extremes three months and 


seven months). 

No tendency for the amount of fibrillation to fall off prior to the first 
signs of recovery, was noticed. 

Complex potentials—In the peripheral nerve injuries, the earliest 
evidence of reinnervation was the appearance of discreet potentials of short 
duration (2-3 milliseconds) and low amplitude (average 240 microvolts). 
The average time between the appearance of these early potentials and 
the first detection of a clinical contraction in the muscle was eight weeks 
(extremes three weeks and four months). 


It was found that the cases of poliomyelitis fell into two distinct classes 
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Fic. 8.—Strength duration curves on right flexor pollicis brevis in a patient 
with a median nerve lesion 4 in. above the wrist. Upper curve seven months after 
nerve suture, characteristic of denervated muscle with a very slight kink between 3 
and 1 milliseconds. Lower curve eleven weeks later showing a definite kink between 
3 and | milliseconds, appearance of 2 new points on the curve, and flattening of 
the curve between 0-1 and 0-03 millisecond. Voluntary contraction was first seen 


one week after this curve. 


-those that showed the early potentials described above as the first sign 
of reinnervation and those that showed discreet normal motor unit 
potentials as the first sign. 

The electromyographic changes in poliomyelitis will be described 


separately and the significance of these findings will be discussed 


tentatively later. 

As with the changes in the strength duration curves, it was found that 
there was a definite correlation between the changes seen on electro- 
myography and the ultimate clinical recovery of the muscle. 

Peripheral nerve injuries. In cases that showed good clinical recovery, 
the appearance of the first short duration, low amplitude potentials was 
followed in an average period of three weeks by discreet complex potentials 
of duration 3-6 milliseconds. The durations of these potentials are within 
the lower limits of normal, but in marked contrast to the normal potential 





Cc. B. WYNN PARRY 


wail 
30 





Fic. 9.—Strength duration curves on right flexor pollicis in same patient as fig. 8. 
lop curve three weeks later showing widening and flattening of the kink between 
10 and 0-1 milliseconds. Middle curve two weeks later showing a long horizontal 
kink between 10 and 0-1 milliseconds, general lowering of the slope and appearance 
of a new point on the curve at 0-1 millisecond. Bottom curve eleven weeks later, 


The curve has now become normal 


they are highly polyphasic, make a characteristic harsh grating noise in 
the speaker and fatigue out quickly. These potentials were only found 
in a limited area of the muscle, and in the vast majority of cases in the 
immediate neighbourhood of the motor point. The next event was the 
sudden appearance of discreet, highly polyphasic potentials of long 
duration (average 12-16 milliseconds) and high amplitude (up to 2 milli- 
volts) and their appearance preceded by an average period of four weeks, 
the long flat plateau kink on the strength duration curve. 

During the ensuing weeks, these potentials increased in number, pro- 


ducing a partial interference pattern in which the base-line was obliterated 


by the motor unit activity in some places, but in others discreet activity 


only was seen. 
The partial interference pattern then became replaced by a complete 


interference pattern on maximal contraction. A few normal potentials 
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Fic, 10.—Strength duration curves on the left flexor pollicis brevis in a patient 


vith poliomyelitis. Upper curve nine months after onset of paralysis showing 2 


distinct kinks between 30 and 10 milliseconds and 3 and | milliseconds. Middle 
curve three weeks later. This curve is almost normal but there is a slight rise 
between 300 and 30 milliseconds and the horizontal portion of the curve can be 
looked on as a long flat kink. Lower curve eight weeks later—the curve is now 
normal. Clinical power was graded 3 five months after onset of paralysis, 4 at the 
time the upper curve was taken and 5 at the time the lower curve was taken. 


then appeared, which over the next few months gradually replaced the 
omplex potentials. 

In all cases, some complex activity on a background of normal motor 
unit potentials with normal interference pattern was found when the 
strength duration curve had returned to normal and clinical recovery 
was full. 

In the cases that showed poor clinical recovery, the first sign of 
reinnervation was again the appearance of discreet short duration, low 
amplitude potentials. During the ensuing weeks, a few complex potentials 
of duration 3-6 milliseconds were seen. An occasional long duration 
complex was found, but in none of the cases were the potentials longer 
than 12 milliseconds in duration. At no examination was either a partial 


or complete interference pattern of motor unit activity seen. The potentials 
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Fic. 11.—Strength duration curves on the right quadriceps in a patient with 
poliomyelitis. Lower curve fourteen and a half months after onset of paralysis. 
Upper curve five and a half months later. Apart from the rise in rheobase, which 
is not significant, these curves are practically identical. The clinical power remained 
at 3 over this period of five and a half months 


were always discreet and easily fatigued out, and within an average period 
of three months since the first electromyographic evidence of reinnervation, 
all the complex potentials had been replaced by discreet normal motor 
unit potentials. 

In the case of the peripheral nerve injury that made a fair recovery, 
the myographic picture was similar to that of the cases that made good 
recovery up to the appearance of long duration complex potentials. There- 
after, these potentials only increased in number sufficiently to produce a 


partial interference pattern and in many parts of the muscle discreet 


activity only was found when maximal clinical recovery obtainable had 


occurred. A complete interference pattern was never seen. 

Poliomyelitis. In all 6 cases that showed good clinical recovery, the 
pattern of progress on the electromyograph was similar to that seen in 
the peripheral nerve injuries. Long duration complexes were seen in every 
case, at first discreet and then producing a partial interference pattern and 
finally an almost complete interference pattern. 
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Fic. 12.—Strength duration curves on the left anterior tibials in a patient with 
a peripheral neuritis. Lower curve five months after onset of paralysis. Upper curve 
one year later. These two curves are very similar. The absence of any change in 
the strength duration curves over a period of one year was paralleled by the 
clinical condition of the muscle which first showed a flicker seven months after 
onset of disease (two months after the kink in the strength duration curve appeared) 
and at the time of the upper strength duration curve was graded 2. 


Of the 4+ cases of poliomyelitis that showed fair clinical recovery, 


2 showed changes similar to the corresponding group of peripheral nerve 


injuries but in the other 2 no complex potentials were seen at any stage. 


lhe first sign of reinnervation was the appearance of discreet normal motor 
unit potentials: eventually, after many months, producing a_ partial 
interference pattern. 

Of the 16 cases that made poor clinical recoveries, short duration (2-3 
milliseconds) low amplitude potentials were seen in 4 but these quickly 
disappeared and were replaced by discreet normal potentials. In the other 
12 cases, no complex potentials were seen at any stage. Discreet normal 
motor unit potentials only were seen and they fatigued out extremely 
easily. 

It was always difficult to pick up these potentials and frequently the 
electromyograph examination revealed only fibrillation potentials and no 


motor unit potentials, in the presence of a kinked strength duration curve. 
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AAMPLITUDE OF COMPLEX ON NERVE STIMULATION AND FATIGUE TIME-TESTS 


The work on these two tests is still in its preliminary stages and it is 
hoped to present a full report at a later date, but as both tests show promise 
of affording useful information, the results to date will be presented. 

As one would expect, the amplitude of the complex potential gradually 
increases during recovery. At the time when a partial interference pattern 
is first seen, there is a sudden sharp increase in the amplitude, which 
then levels off, remaining at a constant value for ari average period of 
five weeks. Then, curiously enough, the amplitude falls until it reaches 
a value of 1/3—'% of the highest amplitude recorded during recovery and 
remains at this level thereafter. This phenomenon was observed in all 
10 cases subjected to the test. The cases were all peripheral nerve injuries 
and all made good clinical recoveries. 

Che fatigue time has been estimated on the flexor pollicis brevis in 
30 normal men. ‘The average value for the fatigue time with the tech- 
nique used was five minutes (extremes four and a half minutes and seven 
minutes). In the early stages of reinnervation, the fatigue time was found, 
as one would expect, to be very low and varied between 34 minute and 
1'4 minutes. As recovery progressed so the time for the amplitude of the 
potential to reach half of its initial value increased, but remained slightly 


lower than normal for some months after clinical recovery was full. 


ELECTRICAL SIGNS OF NEUROMATA 
Three cases of peripheral nerve injuries (2 median and | ulnar) were 
not included in this series owing to incomplete follow up. Each case 
showed typical signs of the electromyograph and strength duration curve 
of progressive recovery up to a certain stage. 
At this stage the strength duration curve remained the same over a 


period of six weeks showing a flat kink and on electromyography fibrillation 


potentials were found at rest and the majority of potentials seen on volun- 


tary contraction were discreet normals. On the clinical and electrical signs, 
a neuroma was diagnosed and operation subsequently proved the existence 
of a neuroma in each case. 

The fact that the curve does not alter over a period of several weeks 
suggests strongly that there has been an arrest in progress and in a 


peripheral nerve injury, the likelihood is that a neuroma is present. 


Discussion 


The first main conclusion from this investigation has been to confirm 
the superiority of strength duration curves and electromyography in the 


diagnosis and prognosis of these conditions, over older methods. 





ELECTRICAL METHODS IN DIAGNOSIS 257 


In nearly all our cases the faradic galvanic test, as performed using 
a combined treatment table, was negative in the presence of clear evidence 
of reinnervation on the strength duration curve and electromyograph. If 
the test is performed using electronic stimulators, however, the picture is 
quite different. It was seen that 76, per cent of denervated muscles 
responded to a current of | millisecond duration, which is tantamount 
to saying that the faradic test was positive. It has been recognized for 
many years that not only can the faradic test be negative in the presence 
of other electrical and clinical signs of reinnervation but also that denerv- 
ated muscle can be made to contract with a faradic current (Adrian, 1917; 
Pollock, 1944; Ritchie, 1944). The conventional description of the faradic 
test has therefore been qualified by some workers to read “That a 
denervated muscle will not contract within the limits of voltage ordinarily 
obtainable from a faradic coil.” It is well known that the output of a 
faradic coil is variable from day to day and from one coil to another. 
Moreover the obtaining of a faradic response depends to a considerable 
extent on the co-operation of the patient and the personality and technique 
of the physiotherapist. Much depends on the ability of the physiotherapist 
to encourage the patient to tolerate a high faradic output and apprehension 
and discomfort on the part of the patient often make the proper 


performance of the test impossible. These points are well brought out 


in the Medical Research Council report on electrodiagnosis in nerve 
injuries during the war, prepared by Ritchie. It is true that in the 
denervated muscles reported in this series, the response to a | millisecond 
pulse was at a high threshold, and it may be argued that this is outside 
the range of output ordinarily obtainable from the average faradic coil. 
But the use of electronic stimulators for electrotherapy is fast superseding 
faradic coils and these have a higher output and are more comfortable 
for the patient, so the tendency will be for a “positive faradic reaction” 
to be obtained more frequently in denervated muscles than hitherto. 
Few physiotherapists seem to be aware of the fact that denervated 
muscle can contract with a short duration current, whether it be 
‘“faradism” or the | millisecond pulse duration of an electronic stimulator, 
and almost invariably the finding of a faradic response is regarded as an 
absolute sign of reinnervation: although the observation is perfectly 
correct, its interpretation is based on fundamentally false premises. The 
faradic impulse can be looked on as one point (1 millisecond) on the 
strength duration curve and the galvanic impulse as another (300 milli- 
seconds). There is no magical property of faradism that prevents it 
stimulating deuervated muscle and whether a denervated muscle responds 
to faradism or not depends on a number of factors among which are the 
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technique of the physiotherapist, the state of mind of the patient, the 
temperature and rheobase of the muscle and the degree of fibrosis present. 

Even if a stimulator with measurable output is used for the faradic 
test, the results can be most confusing. In the Royal Air Force faradic 
coils have been replaced by electronic stimulators giving a square pulse 
wave of | millisecond duration, the output of which can be varied from 
0-200 volts, and the voltage delivered to the patient is accurately known. 
Repeated measurements of the voltage required to produce minimal 
contraction at this pulse duration of | millisecond does not always show 
a progressive decline as recovery proceeds. 

The situation is even more confusing in that group of cases where the 
rheobase rises appreciably (20°3 per cent in this series) or varies widely 
(11 per cent in this series) during recovery. 

Even though the slope of the curve falls soon after the first kink appears, 
it is the very earliest signs of recovery that the faradic test sets out to 
discover and in these cases it will inevitably fail. 

The sluggishness of the response of denervated muscle to galvanism 
is somewhat variable also. We have frequently observed a sluggish reaction 
in muscles that show a good voluntary contraction or evidence of 
reinnervation on electromyography or strength duration curves. <A 
sluggish response often varies with temperature. All denervated muscles 
react sluggishly to galvanism when cold but the response often becomes 
brisker when the muscle is warmed under infra red. This phenomenon 
was well described by Doupe in 1943. 

It is submitted, then, that the conventional faradic galvanic test is not 
only of little practical help in forecasting the time of recovery, and of 
no help at all in forecasting the degree of recovery, but also that it is 
very often misleading and no longer has any place in modern electro- 
diagnosis. 


The information afforded by serial strength duration curves and 


electromyography reveals a definite pattern of electrical events during 


recovery. Electrical signs of reinnervation always appeared before 
clinical evidence of voluntary contraction. The electromyograph is a rather 
more sensitive index of the earliest stages of reinnervation than the 
strength duration curve. A kink in the strength duration curve appeared 
on an average six weeks before a flicker of voluntary contraction was 
seen, whereas the earliest motor unit potentials seen on the electro- 
myograph appeared eight weeks before voluntary contraction. 

In some cases these intervals were longer—in 5 cases electromyographic 
evidence of reinnervation preceded the appearance of voluntary contraction 


by four to five months but the subsequent clinical recovery in these cases 
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was poor. It would appear from the results in this series of cases that 
strength duration curves and electromyography can offer evidence of 
reinnervation several weeks before voluntary contraction can be detected, 
but if four months after the first electrical signs, clinical signs of recovery 
are still absent, the prognosis may be poor. 

The short duration low amplitude potentials which are the earliest 
electrical signs of reinnervation represent the activity of the first nerve 
fibres to make contact with muscle fibres and this activity, as one would 
expect, can only be picked up in a very limited area of the muscle— 
and almost always in the region of the motor point. A certain degree of 
reinnervation must occur before a clinical contraction can become evident 
and it is therefore not surprising that the fine needle electrode, able to 
pick up the activity of a single muscle fibre (as in fibrillation) affords 
information of reinnervation some time before clinical activity is apparent. 

A kink in the strength duration curve is a manifestation of the 
response of two different tissues (muscle and nerve) with different 
excitabilities. If that part of the muscle which is first reinnervated lies 
superficially, a kink in the curve will readily be found, but if it should 
lie deep, as is much more likely with large muscles, a denervated curve 
will be found. The strength duration curve necessarily affords information 
about the superficial fibres of the muscle only, and this explains why the 
electromyograph will demonstrate motor unit potentials in the presence 
of a denervated type of strength duration curve. The great advantage 
of the electromyograph is its ability to detect minimal activity in muscle 
and in this particular for one, is superior to all other methods of electro- 
diagnosis. But this fine discrimination can be a weakness, also, for the 
strength duration curve affords a general picture of a large number of 
muscle fibres. In 3 of the cases of poliomyelitis, evidence of reinnervation 
was seen on the strength duration curve of the quadriceps—a steeply rising 
curve with a small kink being found in each case, but extensive needling 
of the quadriceps revealed short duration potentials in only 2 out of 8 
examinations. Clearly there were only one or two small areas where motor 
unit activity was present and it was to a large extent luck whether these 
potentials were found or not. Similar difficulty has been found in other 
long muscles such as the tibialis anticus, peronei, and serratus anterior 
muscles—the last a fearsome muscle to examine electrically at the best of 
times. In these circumstances the strength duration curve will be of more 
help than the electromyograph. 

The widespread belief that fibrillation ceases or falls off markedly just 
prior to recovery has not been confirmed. Indeed it is difficult to see 
why fibrillation should cease. Right up to the advanced stages of recovery, 
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denervated fibres are still present and their fibrillary activity can always 
be detected if the muscle is warm, is extensively explored and if necessary 
an intramuscular injection of prostigmine given. 


Estimation of the rheobase was not found to be of any value as 


evidence of impending recovery nor was the rise or fall in rheobase of any 
significance in assessing the degree of clinical recovery in those cases 
which showed a change in rheobase during reinnervation. Estimation of 
the chronaxie was found to be of no value as a guide to progressive 
reinnervation, the chronaxie was either long or short and intermediate 
values were not found. This confirms Bauwen’s findings in 1941. He 
found that although the rheobase varied, chronaxie is either that of normal 
fibres or that of completely denervated fibres; Adrian (1917) came to the 
same conclusions. 

In those peripheral nerve injuries that made good clinical recoveries, 
once the first signs of reinnervation had appeared, the changes in strength 
duration curves paralleled those seen on the electromyograph. The salient 
features in recovery are the appearance of kinks at any part of the curve, 
but usually in the region of the long pulse durations. They are most 
often seen two to four weeks after the appearance of early short-duration 
potentials on the electromyograph, but may precede these potentials by 
a similar interval. The detection of complex potentials in greater numbers 
and of increasing duration and amplitude is reflected in the strength 
duration curves by slight widening of the kink, or appearance of a new 
kink and a slight fall in slope. By six weeks after the earliest signs of 
reinnervation, long duration high amplitude complex potentials in discreet 
numbers can usualiy be found and the strength duration curve shows a 
perceptibly wider kink. 

Between two and three months after the earliest signs of reinnervation, 
there is a gradual increase in the numbers of complexes seen and some six 
weeks later a partial interference pattern is produced and the strength 
duration curve shows a long flat kink, with lowered slope and the appear- 
ance of new points on the curve. By the time acomplete interference pattern 
of complex potentials is seen, the strength duration curve has returned 
nearly to normal and further changes in the electromyograph are a 
replacement of complex potentials with normal potentials. For many 
weeks or months after full clinical recovery, some complex potentials can 
still be found in the majority of cases. Weddell (1944) found complexes 
up to two years after recovery. 

This pattern of events contrasts sharply with that seen in the cases that 
made poor recovery. Long duration complexes occurred in only a small 
minority of cases. The motor unit activity was never at any stage of 
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sufficient degree to produce even a partial interference pattern. The slope 
of the strength duration curve remained high throughout and there was 
no tendency for the kinks to widen out. 

In the cases that made fair recoveries, the pattern of events was inter- 
mediate between the two. The strength duration curve was arrested at 
the stage where there is a long flat kink with fairly low slope and remained 
thus throughout the period of observation—on the electromyograph long 
duration complex potentials were seen with or without a partial interference 
pattern. The complex potentials were gradually replaced by normal 
potentials but at no stage was a complete interference pattern or a normal 
strength duration curve seen. The two different pictures in poliomyelitis 
are of considerable interest. In the first group, the changes on electro- 
myography are identical with those seen in recovering peripheral nerve 
injuries and progress over a period of many months. It may well be of 


significance that ali 6 cases of poliomyelitis which showed good clinical 


recovery were in this group. On the other hand, in very few of the cases 
which showed poor clinical recovery were complex motor unit potentials 
seen, and when present they were of short duration and low amplitude 
and were found only occasionally and with great difficulty. 

The changes in the strength duration curves in both groups are entirely 
comparable to those described in peripheral nerve injuries, for the strength 
duration curve is not concerned with the type of motor unit potential 
present, but merely with the proportion of innervated to denervated muscle 
fibres. 

The complex potential is of fundamental importance in the diagnosis 
and assessment of recovery and it is clearly of great importance to try to 
discover its nature and why it is of longer duration than normal. Evidence 
has been presented in this series of cases to suggest that at one stage of 
recovery, the complex potential may also be of greater amplitude than 
normal, though the work is as yet in its early stages and too much 
significance cannot be attached to it. 

Weddell (1944) has suggested that the polyphasic character of many 
motor unit action potentials in the course of reinnervation is due to 
variation in conduction rate in the preterminal fibres of recovering axons 
or variations in transmission at the myoneural junctions. He also observed 
that the range of amplitude and duration of motor unit action potentials 
from reinnervated muscle is greater than in corresponding normal muscles. 

Yahr (1950) has suggested that the complexity of the potential seen in 
recovery may be due to the motor unit containing a larger than normal 
number of muscle fibres. 

Complex potentials are classically found in recovering peripheral nerve 





262 Cc. B. WYNN PARRY 


injuries and progressive denervation. It is therefore surprising to find them 


in poliomyelitis. 

Most recovery in poliomyelitis occurs during the first few weeks after 
onset of paralysis and although recovery is seen in some cases for many 
months or even years after onset, this degree of recovery is seldom of 
great functional significance and is usually attributed to re-education and 
hypertrophy of spared muscle fibres. 

Either the anterior horn cell dies and wallerian degeneration proceeds 
in the axon, or it recovers within a few weeks and the axon does not 
degenerate. Bodian (1949) has summed up the histological picture in 
pointing out that the nerve cell changes either lead to rapid destruction 
of the cell or to arrest in the stage of cytoplasmic chromatolysis, following 
which, complete morphologic recovery of the cell generally occurs over a 
period of about a month or less, depending on the severity of injury. 

In this series, 6 cases of poliomyelitis made good clinical recoveries. 
In 4 of them the deltoid, in 1 the quadriceps, and in | the muscles of the 
thenar eminence were examined on strength duration curves and the 
electromyograph. In all these cases, the muscle was originally completely 
paralysed and progressed slowly over several months to full recovery. As 
recovery was first seen within an average period of four months it could 
not be due in the case of these muscles to axon regeneration from the 
anterior horn cell. In the group of cases who showed poor recovery, the 
clinical picture was quite different. Most of the recovery occurred within 
the first few weeks after paralysis and the further slight improvement seen 
over the following months was felt to be due entirely to re-education and 
hypertrophy of spared muscle fibres and in these cases the long duration 
complex potentials seen in recovering peripheral nerve injuries and the 
6 cases of poliomyelitis who made good recoveries, were never found. 

If the complex potential is a function of the motor end-plate, as seems 
likely from the evidence, then there are two possible explanations for 
the unusual clinical course and electromyographic picture in these 6 cases. 

Either the lesion is somewhere along the course of the peripheral nerve 
and is in fact a peripheral neuritis with axon degeneration and regener- 
ation. It is of interest in this context that the muscles in our 6 cases 
remained tender for several months. Or nerve fibres branch out from 
intact axons and innervate the paralysed muscles. Van Harreveld (1945) 
has produced evidence that this can occur and has found that action 
potentials from such muscles are ten times the size of normal. 

It is dangerous to speculate on such matters from the clinical electro- 
myographic point of view, but it is felt that the observations are of interest 
and need further investigation by workers more qualified to undertake 
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them. We have found, then, that strength duration curves, if performed 
at regular intervals with careful attention to technique, are of great value 
in anticipating recovery in peripheral nerve injuries and poliomyelitis and 
can be of considerable help, in assessing the degree of functional recovery 
that will occur. 

Information of this kind can only be gained by comparing serial 
strength duration curves under identical conditions. The provision of 10 
pulse durations on the stimulator is of great value and shows up kinks 
and discontinuities sooner and more accurately than the use of 5 pulse 
durations provided by some older types of diagnostic stimulators. 

The stimulator is easily portable, relatively inexpensive, and the 
performance of a strength duration curve takes no longer than a con- 
ventional faradic galvanic test. 

In contrast to a diagnostic stimulator, a good clinical electromyograph 
is a complicated and expensive machine requiring considerable experience 
for the proper interpretation of results. 

In the majority of cases, for the electrical investigation of peripheral 
nerve injuries on the clinical as opposed to the research level, a diagnostic 
stimulator can afford sufficient information for all practical purposes and 
the refinements of electromyography are seldom essential. 

In the differential diagnosis of lower motor neurone lesions, however, 
the electromyograph is pre-eminent, for the strength duration curve is 
merely an assessment of the proportion of innervated to denervated muscle 
fibres, whereas the electromyograph allows of the detailed examination of 
the individual muscle potentials themselves. 

In poliomyelitis, the strength duration curve can afford. enough infor- 
mation for clinical purposes in the majority of cases, but the electromyo- 
graph offers the extra facility of detecting the presence of synchronization 
of motor unit activity. 

The problem of synchronization has not been investigated to a sufficient 
extent in this series for any results to be recorded, but many workers claim 
it to be of considerable help in diagnosis and prognosis of lesions of the 
anterior horn cell and particularly in poliomyelitis (Buchthal and Honkes, 
1944; Buchthal and Clemmeson, 1941). 

It is concluded that a diagnostic stimulator for plotting strength dura- 
tion curves deserves a place in the routine examination of peripheral nerve 
injuries and poliomyelitis. 


SUMMARY 


(1) An investigation into electrodiagnostic methods in cases of peri- 
pheral nerve injuries and poliomyelitis has been carried out. 
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(2) Strength duration curves have been plotted and electromyographic 
examinations have been made at fortnightly intervals on 72 patients 
with peripheral nerve injuries and poliomyelitis. 

(3) The research was designed to answer three questions—to what extent 
are these electrical methods of use in foretelling recovery, how accurate 
a guide to functional recovery are they, and what are the relative merits 
of the two methods. 


(4) The results show that there is a definite pattern of electrical events 


in recovery from such lesions and evidence is presented to suggest that 


these investigations are of considerable help in the diagnosis of reinnerva- 
tion and assessment of ultimate functional recovery. 


(5) The earliest signs of reinnervation on the strength duration curve 
appear on an average six weeks before the first signs of clinical recovery. 

(6) The earliest signs of reinnervation on the electromyograph appear 
on an average eight weeks before the first signs of clinical recovery. 

(7) Characteristic changes in the strength duration curves and electro- 
myographic picture occur during recovery in each of three groups of 
patients who made good, fair and poor clinical recoveries respectively. 


(8) The faradic galvanic test is discussed and its use condemned. 


(9) The finding of complex potentials in cases of poliomyelitis is 
reported and its significance discussed. 
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IPSILATERAL THIRD CRANIAL NERVE PALSY AS A 
PRESENTING SIGN IN ACUTE SUBDURAL HAEMATOMA 


BY 


E. S. CLARK and WILLIAM GOODDY 
(From The National Hospital, Queen Square, W.C.1) 


In all but the elderly patient, an uncomplicated subdural hematoma 
is a benign lesion if recognized and treated promptly. However, its dia- 
gnosis may be by no means easy, particularly if a history of trauma is not 
obtained. It is therefore essential that all its various modes of presen- 
tation are recognized. 

We have observed 2 cases of subdural hematoma which were almost 
identical in that the only definite abnormal sign at the onset was a third 
cranial nerve palsy on the side of the lesion. The first patient died, and 
the subdural clot was discovered at autopsy, but the second was diagnosed 


by cerebral angiography. Following the release of the subdural collection, 


the patient made a complete recovery. 


Case 1.—S. G. (N.H.Q.S. No 5490) was a railway clerk, aged 53, who was admitted 
to the National Hospital, Queen Square, under the care of Dr. George Riddoch 


on August 12, 1947. One of us (W. G.) was house physician to Dr. Riddoch at 


the time. 

He had suffered from myopia and astigmatism since the age of 17 years and had 
worn glasses since that time. Recently, his ophthalmologist had advised full investi- 
gation in hospital because of the appearances of his optic fundi. On examination 
the abnormalities were thought to be entirely explained by his considerable refractive 
error and no abnormal physical signs could be demonstrated in his central nervous 
system. The cardiovascular system was normal, his blood pressure was 140/90 and 
all other systems revealed no abnormalities. 

X-ray of the skull showed extensive calcification in the choroid plexuses and 
falx, but otherwise the base and vault were normal. The C.S.F. had a normal 
pressure and constituents (no cells and 40 mg. per cent of protein). The W.R. in 
this fluid was negative, as it was in the blood. Urinalysis was normal. 

He was discharged on August 20, 1947, but just prior to leaving hospital, while 
indulging himself in a dance of pleasure at leaving in good health, he slipped and 
struck his head on the floor. Unfortunately this information was obtained only 
after the death of the patient. The blow was a mild one and he did not lose 
consciousness: the mechanics of it are not known. He did not report the accident 
before leaving. On his way home he suddenly began to experience severe vertical 
headache, and his gait became unsteady. On reaching home he went to bed. A 
progressive drowsiness came over him. He was therefore readmitted to the hospital 
on the same day, and was found to be semi-conscious and difficult to rouse. He was 
unable to respond sensibly to simple questions: his co-operation and attention were 
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minimal. Examination of his central nervous system revealed a right third nerve 
palsy, with complete ptosis and dilated fixed pupil; there was slight ptosis on the 
left as well. The fundi were unchanged, and the rest of the cranial nerves were 
normal. It was thought that there had been a leak from an aneurysm with 
consequent pressure upon the right third nerve. On the following day ‘the right 
pupil was less widely dilated and gave a faint response when stimulated with light. 
In addition, there were now a few degrees of third nerve movement possible. 

On the second day following his return to hospital he was much better and his 
mental state greatly improved. He was alert and answered questions readily; he 
had no headache and it was estimated that the muscles supplied by the right third 
nerve had recovered three-quarters of their function. A lumbar puncture revealed 
that the C.S.F. was under a pressure of 120 mm. and it was evenly blood-stained; 
it contained 2,024 red cells per c.mm., 9 lymphocytes and 2 polymorphs and the 
protein was 55 mg. per cent. Two specimens were sent for analysis, but only one 
was reported on. 

Three days later further improvement had taken place, and there was only the 
merest trace of a right third nerve weakness. Seven days after his readmission he 
did not seem so well. Though he had no special complaints, he was a little more 
drowsy and lay quietly in bed all day. Two days after this he seemed confused 
and was once incontinent of urine. It was thought that there was blurring of the 
edges of his discs. His pulse was normal, there was no neck stiffness, and there was 
still only a trace of, the right third nerve palsy. He continued in this state until two 
days later, eleven days after his mild head injury, when at 5.30 in the morning, 
he was found to be deeply comatose and not responsive to painful stimuli. His 
pulse was 68, and his respirations were periodic. The fundi were unchanged, but 
both pupils were now dilated and fixed to light. There were no abnormalities in 
his limbs, except that the left plantar was less definitely flexor than the right. It 
was considered that he had suffered another leak from the aneurysm, and a further 
lumbar puncture was carried out. The C.S.F. pressure was 160 mm. and the fluid 
was clear and colourless. It contained 11 cells, of which 8 were lymphocytes, and 
3 described as large mononuclear cells. The protein was again 55 mg. per cent. 
He remained in this state for five hours; then quite suddenly he stopped breathing 
and died. The finding of colourless spinal fluid instead of xanthochromic was 
noted and discussed, but it did not lead to any further action. 


Post-mortem examination (Dr. J. G. Greenfield)—This examination was carried 
out twenty-four hours after death. 

The body was that of a thin, middle-aged man, with no external signs of 
disease or trauma. The skull was rather thin, but with no evident erosion, and no 
fracture was found. 

There was a large subdural hematoma on the right side forming a layer of 
clotted blood and brownish fluid all over the right hemisphere including the base. 
There was a thin, easily torn, false membrane adherent to the inner layer of the 
dura mater, but no evidence of any encapsulation of the hematoma by an inner 
false membrane could be found. The external surface of the arachnoid was stained 
brown, but this pigment washed off easily, leaving the membrane unstained, 

There were considerable compression, and apparent reduction in size of the right 
cerebral hemisphere, with herniation of the right uncus and notching of the left 
crus by pressure against the sharp edge of the tentorium. There were also some 
small hemorrhages, none more than 2 mm. in width, in the tegmentum of the 
mid-brain. There was no disease of the basal arteries. 

Section of the brain showed no disease, except deeper coloration resembling 
slight infarction in the region of the right calcarine fissure. 


Histology.—The region of the tegmental hemorrhages showed considerable early 
necrosis of tissue in their neighbourhood, with a disappearance of many oligo- 
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dendroglial nuclei, and an increase in size of the microglial nuclei and with an 
occasional polymorphonuclear leucocyte. Some of the nerve cells in this area were 
filled with hematin granules which were readily distinguished from the melanin 
granules in neighbouring neurons by their anisotropism. Other neurons in this 
region, especially ventral to the area of hemorrhage, showed curious irregular 
degeneration of their cytoplasm which was breaking up into large irregular granules. 
From the myelin staining there was a fairly extensive ventral area of ischemia, as 
well as the hemorrhagic tegmental area, on the right side only. But there was little 
difference in the appearance of the neurons of the nuclei pontis on the two sides. 

In the calcarine area of infarction there was very diffuse ischaemic degeneration 
of neurons, though some few remained fairly healthy. The capillaries here were 
all greatly dilated. The underlying white matter stained poorly with hematoxylin, 
the area of pallor being limited to a zone underlying the calcarine fissure and 
about 2 cm. above it and | cm. below it: it extended fairly deeply. It showed only 
very early changes histologically, with enlargement of cell bodies of astrocytes and 
of microglial nuclei. 

The inner layer of the hematoma showed only a very thin connective tissue 
layer. There was in places, early organization of the blood clot of the haematoma. 

Under this, in the lower parietal region far back, in the area of greatest depres- 
sion of the cortex, the majority of the neurons were healthy, but an occasional cell 
showed ischemic change, and some of the larger neurons in the 5th layer appeared 

rather shadow-like, and there was pallor of staining of the white matter, in the 
more central part, with a fairly wide subcortical zone well stained. 

There was oedema in the lower lobe of the right lung, which was rather adherent 
to the diaphragm. Both lobes of the left lung were oedematous, but to a less 
degree than the right lower lobe. 

The other organs were quite healthy, and no abnormality, except a Meckel’s 
diverticulum about 2 in. long, was found. 





Comment.—When this man was readmitted to hospital, neither he nor 





his wife remembered any head injury and it was thought that his con- 






dition was the result of a ruptured intracranial aneurysm which, by local 






pressure, had involved the right third cranial nerve. The presence of blood 
in the C.S.F. strengthened this belief and as his symptoms and signs abated 







over the next few days. the diagnosis appeared satisfactory. When he 






began to deteriorate seven days after the onset of his acute symptoms and 
g 






signs, and four days later the acute episode occurred which ended fatally, 






it was thought that the aneurysm was again leaking. It was obviously 
difficult to uphold this diagnosis when the C.S.F. was found to be clear and 
colourless. Aneurysmal rupture remained the diagnosis with which he 







went to au topsy. 






At autopsy no aneurysm or other pathological process of the intra- 





cranial vessels was detected. 
This case ended fatally because of unfamiliarity with the clinical picture 
as a manifestation of subdural haematoma. 














Case 2.—L. B. (N.H.Q.S. No. 31630), a Jewish dental mechanic, aged 25, who 
had suffered no illnesses of note and, in particular, had sustained no recent injury 
to his head. He was in perfect health until the evening of June 7, 1951, when he 
got into bed. He flung himself back on his pillows rather more violently than usual 
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and immediately experienced a severe pain in the right side of his head. He is 
certain that he did not strike his head on the back of the bed. The pain was sharp 
and radiated from the right frontal to the right occipital region, In addition, there 
was a dull throbbing pain which was synchronous with his pulse. Shortly after 
the onset of pain he vomited violently. His mother said that he was restless and 
irrational throughout the night, and frequently complained of his head. 

When he awoke the next morning, the pain in the right side of his head was 
still present but less severe. He now found that he was seeing double, and the 
right eyelid was drooping. These symptoms increased during the day, but the 
ptosis was never complete and the vision in the right eye was not affected. 

He was admitted to the National Hospital, Queen Square, as a result of a 
domiciliary visit (W. G.) in the evening of June 8, 1951, about twenty hours after 
the onset of his illness. At this time his headache, although still present, was 
gradually subsiding. It was still aggravated by movements of his head or coughing. 
At no time had the pain extended into the neck, and there was no stiffness there. 
He had vomited several times during the day. He had been fully conscious all 
the time. 

On examination he was found to be alert, co-operative and not in distress. The 
pulse-rate at first was 80 but soon fell to between 60 and 70 and remained at about 
that level. There were no signs of meningeal irritation and no cranial bruit was 
audible. On the right side there was a partial third nerve palsy, the relevant ocular 
movements being reduced by about 50 per cent. The right pupil was slightly smaller 
than the left, but it reacted briskly to light and on accommodation convergence. 
The fourth nerve was shown to be intact and the trigeminal nerve was not involved. 
On gazing to the left, coarse jerks of nystagmus were seen, but other deviations 
of gaze were steadily held. The rest of the neurological examination revealed only 
indefinite abnormalities: the right arm drooped a little when both were held out; 
the right grip was slightly weak. The reflexes in the right arm were thought to 
be a little brisker than those in the left. The right plantar response was considered 
to be extensor and the left equivocal. His cardiovascular system was normal, the 
blood pressure being 110/70. The other systems were in no way abnormal. 

It was thought that this clinical picture had been produced by the expansion of 
an aneurysm on a basal vessel, probably with local extravasation of blood but little 
or no contamination of the subarachnoid space, the lesion of the right third nerve 
being due to local pressure. It is true to say that this diagnosis. was considered 
inconclusive. It was thought reasonable to leave the patient at complete rest before 
carrying out angiography, and over the next few days the headache subsided, the 
diplopia decreased, and the right eyelid began to rise. 

However, the headache did not entirely disappear, and pain spread down into 
the right side of the face. The third nerve palsy gradually improved and there 
were no more definite abnormal signs. The skull X-ray revealed no abnormality. 
The E.E.G, was not satisfactory owing to poor relaxation. This record was reported 
as showing a fair amount of moderate voltage intermediate slow activity in the 
frontal regions, better seen on the right side. 

A week after admission, the headache gradually become more severe, the diplopia 
ceased to improve and the pulse-rate which had never been above 70 fell to 56. 
The following day the patient vomited with projectile force. Examination now 
revealed that the upper nasal margins of both discs were blurred and the veins 
abnormally full, these findings being a notable change from those of the previous 
week. The partial third nerve palsy was still apparent on the right, and the right 
pupil still smaller than the left. It showed normal reflex responses. On gaze to 
the left there was still a coarse nystagmus. A finer variety was now seen to the 
right as well. There were again no other definite localizing signs and there was no 
nuchal rigidity. Kernig’s sign was negative. 
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At this stage, thirteen days after the onset of his illness, a percutaneous right 
carotid angiogram was carried out. In the lateral view the anterior cerebral artery 
did not fill, but when axial views were taken after another injection, some filling 
had occurred. The vessel was displaced approximately 1-5 cm. to the left of the 
mid-line; this displacement involved almost the whole course of the artery. There 
was no evidence of an aneurysm on any of the basal vessels, and no angiomatous 
malformation could be seen. On the axial views, it was evident that there was a 
space between the inner table of the skull and the Sylvian vessels. This was thought 
to be due to a subdural collection of blood over the right cerebral hemisphere and 
oblique views were therefore taken. These better demonstrated the lesion, and, in 
addition, showed it to be more marked in the frontal region. 

Very soon after this, a burr hole was made in the right frontal region, on the 
coronal suture, under local anzsthesia, by Mr. L. S. Walsh. The dura was tight 
and blue. When it was incised about 20 c.c. of dark, altered blood were released. 
The subdural space was irrigated with saline and it was seen that the cortex was 
about | cm, distant from the dura. A similar burr hole was made on the left 
side but no clot was discovered. The cortex on the right was now re-examined 
and it was found to be in normal relationship to the dura, although X-ray, a little 
later, showed a small amount of air in the subdural space. Post-operatively, 
repeated aspirations of the right subdural space produced no further altered blood 
or fluid. X-ray of the skull taken two days after operation revealed no subdural air. 

The patient’s convalescence was unimpeded. Almost immediately after the 
operation he noted that the headache was less severe and within a day or two it 
had disappeared altogether, not to return. Diplopia also disappeared. Vision in the 
right eye had been quite unaffected throughout. He had no additional complaints. 
On examination, however, he had bilateral papilloedema with hemorrhages on both 
sides, there being more swelling of the left disc. Visual acuity was unchanged and 
the right pupil was still slightly smaller than the left and reacted to light less 
readily than the left. There was no ptosis on the right, the extra-ocular movements 
were full in all directions and no diplopia could be produced. The —- which 
had been first noticed on admission was now more marked. Dr. C. S. Hallpike 
investigated it in detail. From his report it was noted that there was spontaneous 
vestibular nystagmus to the left with the head erect. It was accentuated by covering 
the right eye. In addition there was a well-marked preponderance to the left of 
optokinetic nystagmus and this latter was influenced by covering one or other eye. 
Marked positional nystagmus of the central type was present and the caloric 
responses also revealed a substantial preponderance to the left. 

These findings were thought to indicate 

1. A lesion of the brain-stem on the right side at or probably above the level 

of the vestibular nuclei. 
A lesion of the right side of the cerebellum as suggested by the positional 
nystagmus. 

Next day the tests were employed again and this time the positional nystagmus 
was not present. The abnormalities of optokinetic nystagmus were less marked but 
the spontaneous vestibular nystagmus to the left was still demonstrable. 

The etiology of these abnormal findings could not be precisely determined. 

There was no weakness nor any inco codination of the limbs but the reflexes 
were slightly increased on the right side; both plantar responses were now flexor 
and sensation was quite normal. 

The pulse-rate which had been consistently low prior to operation had now 
reached a normal level. ‘ 

When he was discharged from hospital on July 1, 1951, the papilleedema was 
subsiding, the nystagmus much less marked and the right-sided signs minimal. He 
was ready to return to work, 
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Comment.—This case closely resembles the first in many respects. The 
evidence for trauma was very slender and the onset of symptoms was 
like that of an acute cerebrovascular accident. It was thought that this 
patient, too, had suffered a sudden dilation of an aneurysm, perhaps 
without much subarachnoid bleeding but with involvement of the right 
third cranial nerve. There was no evidence of meningeal irritation. He 
was therefore kept,at complete rest and no lumbar puncture was carried 
out. Over a period of a few days, he too began to improve as did the first 
patient. The headache became less, the vomiting stopped and the function 
of the oculomotor nerve began to return; but, as in the first patient, neither 
the headache nor the ocular palsy disappeared entirely. 

Again, as in the previous patient, a week after the onset of his illness the 
headache became more severe and vomiting returned. Swelling of the 
optic discs was noted and in addition a bradycardia developed. There 
was still no evidence of meningeal irritation; it was thought that the 
deterioration and signs of increased intracranial pressure were due to an 
intracerebral hamatoma. It was therefore with a view to demonstrating 
this lesion and perhaps the aneurysm responsible for it, that a right carotid 
angiogram was carried out, revealing the subdural haematoma. 

Looking back, the original diagnosis seems justified but if an angiogram 
had been performed earlier, as is often the practice now with acute mani- 
festations of cerebral aneurysm, the hematoma would have probably been 


discovered then. 
DEFINITION 


Subdural hematomas are usually divided into the acute and the chronic 
variety. Frazier (1935) suggests that the former group should contain 
those cases in which symptoms appear within two weeks of the injury. 
Groff and Grant (1942) use the term “subdural hemorrhage” for this type 
of case. An acute subdural collection usually occurs in the presence of 
gross cerebral damage but there is a small number of cases in which the 
clot is rapidly produced after minor head injury or when the etiological 
agent is other than trauma. 

Our two cases might therefore be described as “acute subdural 
hzmorrhage” and belong to the smaller group of the acute type. 

It is important to recognize this type of subdural hemorrhage, for in 
the absence of severe head injury, the acute lesion is not often considered. 
Subdural hematomas are usually thought of as being more insidious in 
onset and therefore chronic. The incidence of the acute variety is difficult 
to discover for the term is interpreted differently by different authors: 
Munro (1942), out of 310 cases of subdural hematoma, found that 194 
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were acute, and of this number, only 10 had not suffered severe brain 
injury. These 10 belong in the group containing Cases 1 and 2. 


LITERATURE 

It is well known that subdural hematomas can produce many types of 
clinical picture. This fact was first emphasized by Wilfred Trotter (1914) 
thirty-seven years ago, and it has been said that subdural haematoma can 
imitate almost any brain lesion. The literature on the subject is 
voluminous, and it is impossible to examine it all. Several authors have 
dealt with special aspects but there seems to have been no direct reference 
to cases such as those described above. 

Kaplan (1931), who supplemented Putnam and Cushing’s (1925) classical 
description, by drawing attention to the lateralizing value of the pupillary 
changes, describes one case which resembles ours in several respects. 
She was a woman aged 24, who came to hospital complaining of 
trouble with her right eye. She was found to have a complete palsy of the 
third cranial nerve with a dilated fixed pupil on that side. There was a 
definite history of head trauma, with 10-15 minutes loss of conscious- 
ness, about nine days before admission. She had suffered diplopia the same 
day and had vomited several times the day after, but apart from slight 
headache had no other symptoms. The C.S.F. contained only a few cren- 
ated red cells; its pressure was not recorded. The day after admission, 
she became stuporous, and there were “early choking” of the right optic 
disc and minimal pyramidal tract signs on the right side. A subdural 
hematoma was found over the right cerebral hemisphere and its release 
produced immediate improvement. Further clot was removed the follow- 
ing day and her recovery was eventually complete. The oculomotor nerve 
palsy had disappeared ten days post-operatively. 

In this case, head injury was definite, but otherwise the clinical course 
was very similar to that of Cases 1 and 2. The symptoms and signs dated 
from the injury and as in Case | deterioration occurred about the tenth 
day. The only definite and obvious abnormal physical sign was the third 
nerve palsy on the same side as the haematoma, and as with our second 
case this was reversible, for complete recovery of function occurred. 

In a survey of 71 cases of acute subdural haematoma (those in which 


symptoms began twenty-four hours to twenty-one days after head injury) 
Kennedy and Wortis (1936) found that there were 7 with third cranial 
nerve palsies but no details of these cases are given and the authors admit 


that it is not easy to evaluate the functions of oculomotor nerves 
in unconscious patients. 
Kunkel and Dandy (1939) published 48 cases of subdural hematoma; 
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Laudig et al. (1941) 143, and Munro (1942) 310 cases, but none of these 
writers mentions an isolated third nerve palsy as a presenting sign. Munro’s 
cases are not analysed in detail. 

Nelson (1942) presented 6 cases in each of which brain-stem signs were 
prominent, but none of these was found to have only a third nerve palsy 
initially. Likewise, in a series of 91 cases studied specially from the point 
of view of ocular manifestations, Govan and Walsh (1947) could find no 
example of complete oculomotor nerve paralysis, although they saw uni- 
lateral ptosis with dilation of the pupil in 3 patients. 

Thus, in a survey of some of the more important contributions to the 
subject of subdural hematoma, we find only one detailed case report that 
approximates to our 2 cases. Third nerve dysfunction of various degrees 
is a frequent feature of subdural hematomas, especially in the acute 
variety, but as a presenting and isolated sign it seems to be very rare. 


AXTIOLOGY OF THE THIRD CRANIAL NERVE DysFUNCTION 

Pupillary abnormalities have been of diagnostic importance in intra- 
cranial, extracerebral hemorrhage since the time of MacEwen (1887). 
Their ztiology is of particular interest. Despite the considerable amount 
of space frequently occupied by a subdural hematoma and the consequent 
cerebral compression, many of the clinical signs are not due to this surface 
lesion, but rather to the dislocation of basal structures produced by the 
unilateral pressure. The three most important of these displacement 
phenomena are illustrated by our Cases | and 2. 

(1) Their presenting sign, an ipsilateral oculomotor nerve palsy, is the 
most important. It is almost certainly due to pressure on the nerve by 
part of the hippocampus which has herniated through the tentorial open- 
ing. This happening was demonstrated experimentally by Reid and Cone 
(1939). Using extracerebral expanding agents in animals, they first noted 
ipsilateral dilatation of the pupil; as the pressure was increased, further 
evidence of third nerve paresis was obtained. The mechanism in a sub- 
dural compression lesion is presumably identical, and in Case | and 
Kaplan’s (1931) case, the palsy was complete, whereas in Case 2 it was 
only partial. Frequently the only evidence of third nerve involvement is 
the dilated pupil, and it has been postulated that there is selective involve- 
ment of the pupillomotor portion of the nerve. Although distortion of 
the mid-brain is also produced by the unilateral pressure, it is unlikely 
that a lesion of the third nerve nucleus could produce such a strictly 
localized and unilateral phenomenon. The small hemorrhages in the 
mid-brain of Case 1 were considered to be terminal events and to have 
played no part in the cranial nerve palsy. On occasion, however, such a 
hemorrhage, if it occurred early, might cause symptoms. 
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Traction on the third nerve as it passes over the clivus of the sphenoid 
bone, as a result of mid-brain displacement, may result in signs of impaired 
conduction of the nerve. Pressure from the near-by posterior cerebral 
artery, at the point where the nerve runs between it and the superior 
cerebellar artery, has also been suggested as a causal factor. 

It should be noted that although in our cases the third nerve dys- 
function was on the side of the subdural hematoma, it can occasionally 
be present on the contralateral side. Kennedy and Wortis (1936) found 
a dilated pupil on the side opposite the lesion in 12 of their 72 cases, 
while 30 cases had ipsilateral signs. A sound explanation for these para- 
doxical events is not apparent. 

The causes of third nerve palsy in circumstances of raised intracranial 
pressure may be summarized: 

(i) Pressure from the uncus herniated into the space below the ten- 
torium cerebelli. 

(ii) Brain-stem central lesions, due to vascular damage. 

(ili) Stretching of the third nerve over the clivus of the sphenoid bone. 

(iv) Pressure on the nerve as it passes between the posterior cerebral 
and superior cerebellar arteries. 

(2) Another effect of the shift of the brain is pressure upon the crus of 
the mid-brain, as was found in Case 1, with the production of what is 
usually known as “Kernohan’s notch” (Kernohan and Woltman, 1929). 
The indefinite and fluctuating limb signs in Case 2 were no doubt due 
to involvement of the pyramidal tract at mid-brain level. They were thus 
ipsilateral. 


(3) The third result of dislocation of basal structures is occlusion of the 


posterior cerebral artery or its branches by pressure on it of the sharp 
free edge of the tentorium cerebelli. Thus, in Case 1, there was infarction 


of the ipsilateral calcarine fissure. 

The nystagmus noted in Case 2 was thought by Dr. Hallpike to indicate 
a brain-stem and cerebellar lesion and it is possible that the former was 
the result of temporary distortion of the mid-line structures. 


ZETIOLOGY OF THE SUBDURAL HA&MATOMA 


As in Kaplan’s case, there can be no doubt that the etiological agent 
in Case 1 was the injury to the head, but its slight degree and insignificance 
can be judged by the fact that it was immediately forgotten by both 
patient and observers. 

In Case 2 the evidence for head injury is much more slender, for the 


patient merely flung himself back on to his pillow as many of us do, and 
immediately noted the onset of severe headache. It is, nevertheless, 
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necessary to point out that the mechanics of this action were ideal for 
the produc tion of a subdural hematoma. As suggested by Trotter (1914), 
and recently verified experimentally by Shelden, Pudenz and Restarski 
(1946), displacement of the brain in an anteroposterior direction is the 
most likely cause of rupturing of ‘ ‘bridging veins” which are passing 
through the subdural space to the superior sagittal sinus. Despite careful 
consideration of the months leading up to the onset of his illness, this 
man (Case 2), who was an intelligent and reliable witness, could recall no 
injury to his head of any kind. 

Spontaneous subdural haematoma occurs in patients where the lesion 
is the product of ztiological agents other than trauma. Scott (1949) 
found 5 such cases in a series of 100 patients with subdural hematoma, 
and he sets out a list of eighteen possible causes ranging from coughing 
to male fern poisoning. All of these, except one, were excluded in Case 
2. This one possible causative factor in the production of an acute sub- 
dural hematoma is the rupture of an intracranial aneurysm, and it is the 
only one other than trauma that need be considered here. It is necessary 
to examine this possibility more closely for, clinically, both Cases | and 2 
were thought to have intracranial aneurysms. 

It may be of interest, therefore, to compare our first two cases with a 
third, in which this very combination of subdural hematoma with an 
aneurysm did occur. 
Case 3.—A female aged 26 (G. B.) was admitted to the National Hospital, Queen 
Square, under the care of Dr. Collier on November 19, 1928. Her mother had 
suffered periodic headaches and the patient herself had experienced “bilious attacks” 
since girlhood. Otherwise, she had been perfectly healthy until fourteen days prior 
to admission when she noted severe left-sided headache of gradual onset. This 
persisted and five days before admission the left eyelid drooped and the pupil 
dilated. On examination, she had a complete left-sided third cranial nerve palsy, 
fundal hemorrhage and slight neck rigidity. The C.S.F. was uniformly blood- 
stained, 

She improved a little at first but on the nineteenth day of her illness, papilloedema 
was definite, and there were vague left-sided pyramidal tract signs. A murmur 
was heard over the left eyeball. The C.S.F. was now xz anthochromic and there had 


been no further bleeding. 
On the twenty-fourth day of her illness she suddenly died and at autopsy (Dr. 


J. G. Greenfield) a large amount of subdural blood was found over the left cerebral 
hemisphere. There was a burst saccular aneurysm at the origin of the posterior 
communicating artery from the left internal carotid artery, 

Comment. — Unlike the cases we have described, this patient had 
suffered from “bilious attacks” which were almost certainly of a migrainous 
nature since girlhood. The onset of her present symptoms was apparently 
not so catastrophic as in Cases | and 2, for they had gradually mounted 
in severity. She, like the others, improved for a few days, but in her case 
there was never any change in the complete oculomotor nerve paralysis. 
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Despite her apparent subjective improvement, however, there was clinical 
evidence of increasing intracranial pressure and her death as in Case | 
was sudden. 

However, the diagnostic sign in her case was the cranial bruit which 
was never found in either Case | or Case 2. 

If an angiogram had been possible early in this girl’s illness, there 
would have been a good chance of finding both the hematoma and the 
aneurysm, and surgical treatment might have been possible for both 
lesions. 

The presence of blood in the subdural as well as in the subarachnoid 
space after the rupture of an intracranial aneurysm is well recognized. 
The amount varies from a thin film over the hemisphere to a large 
hematoma causing considerable compression; thus cases may be placed 
in three groups: 

Group I: Cases with massive subdural hemorrhage which rapidly 

proves fatal. 

Group II: Cases where the amount of blood in the subdural space 
is small and no cerebral compression occurs. 

Group III: Cases in which the subdural collection is large enough 
to compress the cerebral hemisphere but in which death 
does not result immediately. 

Our third case fits into the third group and it may be that Case 2 

belongs there also, for despite the fact that we were unable to demonstrate 
an aneurysm by a carotid angiogram, this by no means excludes its 


presence, 


DIAGNOSIS 

In a patient presenting with headache of sudden onset accompanied 
by vomiting and drowsiness, and the only definite abnormal central ner- 
vous system abnormality is a third cranial nerve palsy, the most likely 
diagnosis is a ruptured or dilated intracranial aneurysm, especially if the 
C.S.F. is found to be mixed with blood and head injury is denied. But 
it is important to remember that: 

(1) A subdural hematoma due to mild head trauma is capable of pro- 

ducing a clinical picture like this and 

(2) A subdural hematoma may accompany subarachnoid hemorrhage 

from a leaking aneurysm. 

Richardson and Hyland (1941) offer as a point of differentiation 
between subdural hematoma and subarachnoid hemorrhage, the slower 
onset of the former, but as has been observed in our cases, this rule is not 
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always valid, and both diseases may be of dramatic suddenness in onset. 
A method whereby these two lesions may be distinguished is put forward 
by Merritt (1938). In the presence of subdural hematoma removal of 
C.S.F. by lumbar puncture will rapidly reduce the fluid pressure, but in the 
case of subarachnoid hemorrhage the fall is much slower. However, if 
an intracranial or subdural haematoma is present as well as subarachnoid 
bleeding, this test will have no diagnostic value. 

As a subdural hematoma producing cerebral compression, if untreated, 
is eventually almost always fatal, its diagnosis is a matter of some urgency 
and the diagnostic procedure of choice is cerebral angiography. 

By outlining the cerebral vessels, the subdural hematoma, if of sufh- 
cient size and situated over the cerebral hemispheres, will be seen, for the 
vessels, as shown by the dye-shadows, do not extend to the inner table of 
the skull as over a normal brain. By oblique views the “bare area” may 
be further localized, as it was in Case 2. 

As well as demonstrating the subdural hematoma it is possible that 
an aneurysm, the etiological agent in the production of the subdural col- 
lection, may also be outlined. However, as stated already when discussing 
Case 2, its absence, even with bilateral carotid and vertebral studies, does 
not fully exclude an aneurysm which after bleeding has been obliterated 
by thrombus. 

The lesions having been demonstrated, the surgical treatment can be 
carried out forthwith and as in our Case 2 and Kaplan's case, the results 


may be excellent. 


SUMMARY AND CONCLUSIONS 

(1) Two cases of acute subdural hematoma are described. Each of 
them presented with an ipsilateral third cranial nerve palsy as the only 
definite abnormality of the central nervous system; each was accompanied 
by headache of sudden onset. 

(2) The term acute subdural haematoma is defined and after a review 
of the relevant literature in which only one case similar to Cases | and 2 
could be found, the etiology of the third cranial nerve palsy is considered. 

(3) AEtiology of the subdural collection is discussed. A very similar 
picture can result from a ruptured intracranial aneurysm, illustrated by 
Case 3, in which a subdural hematoma accompanied subarachnoid bleed- 
ing from an intracranial aneurysm. 

(+4) The importance of the clinical picture and the verification of the 
lesion by angiography are emphasized. By angiography not only may the 
subdural heematoma be revealed, but also an aneurysm, should it be the 


causal agent. 
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We are grateful to Dr. William Blackwood for advice on several matters 


of pathological interest mentioned in the paper. 
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THE CEREBROSPINAL FLUID PRESSURE AS AN ASTIOLOGICAL 
FACTOR IN THE DEVELOPMENT OF LESIONS AFFECTING 
THE CENTRAL NERVOUS SYSTEM! 
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Ir is generally accepted that physiological forces are essential for the 


development of certain pathological lesions. As examples may be instanced 






the importance of a normal blood pressure in the development of an 






arterial aneurysm, and of the subatmospheric intrapleural pressure in 






the development of a pneumothorax. It is therefore surprising that the 






part which the normal cerebrospinal fluid pressure may play in the 






development of lesions within the cranium and spinal canal has received 






little attention. The explanation may be found in the common teaching 





that in man the cerebrospinal fluid pressure is low, and shows little fluctua- 






tion except for that occasioned by postural alteration. In this paper the 






possible relationship between the pressure of the cerebrospinal fluid and 





three groups of clinical conditions of rather ill-defined etiology will be 





considered. In a previous publication (O'Connell, 1943) some observations 





upon cerebrospinal fluid pressure in man were described and some of their 






possible implications considered. These older observations must be briefly 






reviewed and certain additional ones, made. since their publication, 






described before the possible importance of the cerebrospinal fluid pressure 






in the pathogenesis of the lesions under consideration is discussed. 






In the previous paper some of the more important contributions to 






knowledge concerning the cerebrospinal fluid pressure and circulation 





were reviewed. It was pointed out that there was general agreement that 






the normal positive pressure of the cerebrospinal fluid depended upon 





the balance existing between the forces responsible for its production and 





absorption and that most workers considered that the pressure was rela- 





tively constant and subject to but minor variations with cardiac and 





respiratory activity. It was further generally accepted that the circulation 
of the fluid from the ventricles and through the subarachnoid space was 
a slow movement of fluid between the sites of its production and absorp- 
tion. Observations upon hydrostatic and vascular factors affecting the 







' This paper formed the basis of the Max M. Peet Memorial lecture given at the 
University of Michigan in October 1950. 
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cerebrospinal fluid pressure in man were then described. Previously 


recorded observations upon the effect of posture upon the cerebrospinal 
fluid pressure were repeated and it was pointed out that when cerebro- 
spinal fluid pressure is measured in the horizontal position ventricular, 
cisternal and lumbar pressures will be identical. If the foot of the couch 
is raised ventricular pressure will rise, lumbar pressure will fall and 
cisternal pressure will occupy an intermediate position. As the head end 
of the couch is raised these pressure changes are reversed until ventricular 
and cisternal pressures are subatmospheric and the lumbar pressure rises 
by 200 mm. or more; the actual ievel of fluid in the manometer (i.e. 
atmospheric pressure) will vary with the height of the patient. In the 
unanesthetized patient it will correspond with a point in relationship 
with one of the upper dorsal spinous processes. It was pointed out that 
since the pressure of fluid within a closed rigid container is unaffected by 
alteration of its position relative to a fixed manometer, the cerebrospinal 
fluid spaces cannot be regarded as constituting such a closed container 
and that these spaces are vented. The most important factor in such 
venting would appear to be the venous system. Thus as the head is raised 
an increase in the volume of the intracranial veins permits cerebrospinal 
fluid to pass into the spinal canal so that its pressure within the cranium 
falls and within the lumbar theca rises. As the head is lowered the 
volume of the intracranial veins will diminish as a movement of cerebro- 
spinal fluid towards the cranium occurs and cerebrospinal fluid pressure 
will rise in the cranium and fall in the spinal canal. The significance of 
vascular factors in maintaining the cerebrospinal fluid pressure was also 
discussed. The fact that the lumbar cerebrospinal fluid pressure measured 
in the horizontal position in the cadaver has fallen to atmospheric level 
is one indication that the distension of blood vessels by the forces which 
fill them in life is a factor in maintaining cerebrospinal fluid pressure. Of 
greater significance are the variations in cerebrospinal fluid pressure with 
cardiac and respiratory activity. These have usually been regarded as 
trivial possibly because the majority of workers discuss only the pressure 
variations observed at lumbar puncture or in the course of animal experi- 
ment—a needle of relatively fine bore being utilized in both procedures 
to connect the pressure-recording system to the subarachnoid space. An 
experiment was described to demonstrate and measure approximately the 
influence of the bore of the connecting channel in the transmission of 
pressure fluctuations. The smaller the lumen of the channel the less 
completely are pressure fluctuations transmitted to the recording system, 
and for a connexion of given lumen rapid pressure fluctuations are less 
well transmitted than slow ones. It is believed that herein lies the expla- 
nation of the fact that the variations in cerebrospinal fluid pressure with 
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cardiac and respiratory activity observed during ventricular puncture are 
considerably larger than those seen during cisternal or lumbar puncture. 
The two latter procedures have been carried out with a needle in which 
the cross-sectional area of the lumen is less than | sg. mm. The cardiac 
and respiratory pressure variations observed through such a needle are 
usually small, rarely amounting to more than 2-3 mm., the respiratory 
variation usually being rather larger than that synchronous with the 
pulse. The ventricular pressure estimations were made during ventricu- 
lography through burr openings made in the parieto-occipital region, the 
head of the patient being raised to give access to its posterior aspect. The 
lumen of the ventricular cannula has a cross-sectional area of over 3 sq. 
mm. In a series of 144 measurements of intraventricular pressure the 
pulse variation has averaged 18°5 mm. of cerebrospinal fluid (Table I). 
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The respiratory variation in a series of 128 measurements averaged 28°5 
mm. cerebrospinal fluid (Table II). The pulse variation was seen to con- 
sist of a rise in pressure during cardiac systole and a fall during diastole. 
The slower respiratory variation was less easily analysed. However deep 
inspiration produced a fall in pressure and deep expiration a rise — both 
variations being best observed after a period of apnoea. With normal 





282 JOHN E. A. O'CONNELL 


respiration repeated observations suggest that the fall in cerebrospinal 
fluid pressure occurs during inspiration and the rise in expiration. In the 
earlier paper it was pointed out that even with the wider ventricular 
cannula the resistance offered to the rapid movement of fluid through it 
results in the recorded pressure variations being less than those actually 
occurring in the cerebrospinal fluid spaces. It was calculated that the 
observed pulse variation was approximately 40 per cent of the true varia- 
tion which would therefore be in the neighbourhood of 45 mm. C.S.F.: 
the observed respiratory variation was 80 per cent of the true variation 
which would theretore be approximately 35 mm. C.S.F. Thus in a given 
position of the subject cerebrospinal fluid pressure is far from constant 
and shows recurring variations which are thought to average 50 min. 
C.S.F. from a moment when it is at its highest level with the correspond- 
ence of systol and expiration to another when it is at its lowest with the 
correspondence of diastole and inspiration. Fiom these observations it 
was pointed out that hydrostatic and vascular factors make a considerable 
ontribution to the normal cerebrospinal fluid pressure in man and it 
was suggested that the widely accepted view that a balance between the 
forces which control the production and absorption of the fluid was not 
a factor of majo1 importance e in this pressure, Certain possible anatomical, 
physiological and pathological impli¢ ations of these fluctuations in cerebro- 
spinal fluid pressure were also discussed in the previous communication 
but will not be again referred to here. 

The possible clinical implications of the observations outlined above 
will now be considered in three groups of conditions. First cases in which 


cerebrospinal fluid pressure is increased as a result of an increase In sys- 


temic venous pressure and the resulting clinical disturbance may mimi 


that of a space-occupying intracranial lesion: secondly, a group of cases 
in which in the presence of a lesion of the spinal meninges, normal cerebro- 
spinal fluid pressure appears to inducc secondary pathological changes of 
clinical significance: thirdly the role of the normal subatmospheric intra- 
cranial pressure in man in the development of certain intracranial effusions 
will be discussed. 

In considering the first of these groups, that in which cerebrospinal 
fluid pressure rises as a result of an increase in venous pressure, the lability 
of the pressure of the cerebrospinal fluid must be stressed. This lability 
depends firstly upon the venting of the intracranial spaces through the 
venous system — a venting which permits considerable pressure change 
with postural alteration. A second factor is the regularly recurring pres- 
sure variations induced by cardiac and respiratory activity, and a third 
which has not so far been discussed is certain irregular pressure fluctuations 
which can well be studied during ventriculography (Table ITT). Clearly each 





XUM 


) 
2 
Go 


CEREBROSPINAL FLUID PRESSURE 


TascLe 111.—Orner VARIATIONS IN INTRAVENTRICULAR PRESSURE 


1. Abdominal compression A rise in pressure of 30 to 60 mm. with 
return to original level on cessation 
of compression 

2. Apnoea (in inspiration or expiration) After an interval of some seconds a 
slow rise in pressure with return to 
original ‘}e vel  when_ respiration 
resumed. 

3. Jugular compression A steady rise in pressure to a level of 
from 110 to over 300 mm. with a 
rapid fall on cessation of compression, 


4. Forced expiration (e.g. cough) A rapid rise in pressure, usually to over 
300 mm., succeeded by rapid fall. 


of these pressure variations is largely, or entirely, accounted for by the 
transmission of changes in systemic venous pressure to the cerebrospinal 
fluid spaces. Of particular interest is the finding that the increase in 
intraventricular pressure following jugular compression during ventriculo- 
rap! y occurs comperatively slowly and that while the pressure may reach 
a level above 300 mm. C.S.F. the fluid in the manometer may not rise 
higher than the 200 mm. level in spite of the maintenance of jugular 
occlusion. The fall in pressure with cessation of jugular compression is 
always rapid. In the majority of patients investigated who were capable 
of making an adequate forced expiration the effect of this on intracranial 
pressure was in contrast with that of jugular compression. The rise in 
pressure commenced immediately and continued rapidly. Frequently the 
pressure rose above 300 mm. C.S.F. On cessation of the expiratory effort 
1¢ pressure fell rapidly to its previous level. The differing effects of 
jugular compression and coughing upon the pressure of the cerebrospinal 
fluid. although at first unexpected, can, however, be readily explained. 
During jugular compression intracranial veins are distended. The rela- 
tively slow rise in intraventricular pressure which follows can in part be 
accounted for by the displacement of cerebrospinal fluid into the spinal 
theca which occurs as a compensatory mechanism. The fact that when 
the jugular compression is maintained intracranial pressure may not con- 
tinue to rise must be accounted for by the establishment of a collateral 
venous circulation — almost certainly through the anastomoses between 
the intracranial and spinal veins at the foramen magnum. On the other 
hand during forced expiration the rise in venous pressure affects not only 
the intracranial veins but also those of the thorax and abdomen and 
through these the whole of the intraspinal venous plexus. This simul- 
taneous reflux of blood into the intracranial and intraspinal veins produces 
a more rapid and greater rise in cerebrospinal fluid pressure than occurs 
after jugular compression since the compensatory mechanisms acting in 
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the latter case are absent in the former. It is thought that this observa- 
tion may have some clinical significance. In the first place the usual 
absence of papilloedema in cases of superior vena caval obstruction may 
be explained. In a small series of such cases which has been examined 
from this point of view papilleedema was absent — though fullness of 
the retinal veins was present. Pickering (1942) has recorded a case in 
which the cerebrospinal fluid pressure, at lumbar puncture in the hori- 
zontal position, was 42 cm. of fluid and yet there was no oedema of the 
optic discs. In superior vena caval obstruction the conditions from the 
viewpoint of intracranial pressure are essentially similar to those following 
bilateral jugular compression. As described above a collateral venous 
circulation will be established through communications between the 
cranial and spinal veins at the foramen magnum. This will usually provide 
an adequate alternative route for venous drainage from the skull anid 
therefore papilloedema as an indication of a marked increase in intra- 
cranial pressure will be exceptional. The high lumbar cerebrospinal fluid 
pressure which may be recorded in such cases suggests that the collateral 
venous circulation may become inadequate in the horizontal position. 

In contrast with cases of superior vena caval obstruction are cases of 
chronic bronchitis and emphysema which develop papilleedema. In some 
of these cases retinal hemorrhages have been noted and stupor has de- 
veloped and yet at autopsy no evidence of a space-occupying intracranial 
lesion is found. Examples of this complication of bronchitis and emphy- 
sema have been reported by Cameron (1933), Meadows (1947), Beaumont 
and Hearn (1948) and Simpson (1948). While most authors consider that 
raised intracranial venous pressure is the factor responsible for papilloe- 
dema in these cases, the absence of papilloedema in cases of superior vena 
caval obstruction has led to the suggestion (Simpson, 1948) that it is oxygen 
lack and carbon dioxide accumulation in the blood in emphysema which 
leads to cerebral vasodilatation and a secondary rise in intracranial pressure 
with oedema of the optic discs. 

In discussing the venous pressure in chronic bronchitis and emphysema 
Fishberg (1940) points out that while it may be raised, in the absence of 
cardiac failure, it is frequently normal. The increase in venous pressure 
is proportional to the degree of bronchial obstruction and is particularly 
marked after an asthmatic attack when it may persist for days. He states 
that the cause of the rise in venous pressure is the elevation of intrapleural 
pressure, which may occasionally be greater than atmospheric pressure. 
With the occurrence of cardiac failure a further cause for an increased 
venous pressure is present. 

The cause of papilloedema in this group of cases would in the first place 


appear to be the rise in systemic venous pressure occasioned by the pul- 
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monary disease, recurring asthmatic attacks and cardiac failure if this 
develops. Such a general rise in systemic venous pressure will be imme- 
diately reflected in an increased cerebrospinal fluid pressure and here no 
collateral venous circulation is available to bring about a reduction of 
intracranial pressure. In the second place the effects of coughing upon 
the cerebrospinal fluid pressure must be considered. It has been seen 
that a rapid and considerable rise in this pressure occurs with coughing. 
Here again the compensatory movement of cerebrospinal fluid and the 
collateral venous circulation which takes place in cases of superior vena 
caval obstruction cannot occur. Great increases in intracranial pressure 
will result during recurring bouts of coughing. In this connexion it may 
be recalled that children with pertussis may develop not only retinal but 
intracranial hemorrhages, so that it is clear that the effects of coughing 
upon the venous drainage of the cranium may be important even when 
the symptom is a passing one. It is thus believed that in patients with 
chronic bronchitis and emphysema the considerable and recurring in- 
creases in intracranial pressure occasioned by coughing superimposed upon 
an intracranial pressure already elevated by raised systemic venous pres- 
sure explains the occurrence of papilloedema and retinal hemorrhages. 

Finally before leaving this aspect of the subject mention should be 
made of the well-recognized occurrence of neurological disturbances and 
papillaedema in cases of primary erythema (Polycythemia rubra vera). 
No reference to venous pressure estimations in this condition has been 
encountered. However, it is known that the volume of the blood in these 
cases is greatly increased as also is its viscosity; further venous congestion 
is a striking feature at necropsy. It may well be, then, that an increase 
in venous pressure is here too responsible for a rise in intracranial pres- 
sure and the cause of papilloedema, retinal hemorrhages and perhaps 
other neurological disturbance. 

The second group of cases, that in which it is believed that normal 
cerebrospinal fluid pressure in the presence of lesions of the spinal 
meninges gives rise to secondary pathological changes and resulting clini- 


cal disturbance will now be considered. 


(a) Spinal extradural cysts.—In the literature a number of examples 
of extradural cyst in the spinal canal have been described. Cloward (1937) 
describes such a case in which the cyst lay upon the posterior aspect of 
the theca between the tenth dorsal and fifth lumbar segments and had no 
communication with the subarachnoid space. He agrees with Elsberg that 
such cysts are congenital and either diverticula of the dura mater or 
herniations of the arachnoid through a dural defect and considers that 
closure of the lumen of the connecting stalk may cause enlargement of 
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the lesion by secretion of its endothelial lining. Bucy and Cloward (1937) 
report another case associated with kyphosis juvenilis dorsalis. They state 
that careful search for a pedicle will reveal one in relationship with the 
meningeal sheath of a spinal nerve. They find it difficult to understand 
why the meningeal diverticulum should always occur below the mid- 
thoracic level. Swanson and Fincher (1947) describe 2 relevant cases: one 
a man of 43 with an extradural cyst communicating with the subarachnoid 
space close to the meningeal sheath of the second lumbar nerve and ex- 
tending from the eleventh dorsal to the third lumbar vertebra; the other 
an infant of 20 months who following a car accident developed evidence 
of spinal cord lesion; at operation a congenital dural defect with a thick 
margin was found extending from the second lumbar to the first sacral 
vertebre:; the arachnoid had prolapsed through this defect to compress 
the cauda equina. Decker and Livingstone (1949) also describe an extra- 
dural cyst related to the third lumbar nerve and Davis one at the seventh 
dorsal level — both of which communicated with the subarachnoid space. 
The latter author reviews 29 cases in the literature and points out that the 
cysts were mid or low dorsal in all except 5 cases. 

In the course of exploration of the spinal canal for lumbar disc pro- 
trusions cysts of the meningeal sheaths of the spinal nerves, in many ways 
| 


similar to those described above, have been encountered on four occasions. 


In 2 of the patients the cysts were the sole abnormality discovered at 


operation and their removal relieved the patient’s symptoms. Tarlov (1948) 


has described cysts of the sacral nerve roots but these did not. as did the 
cysts in our cases, communicate with the subarachnoid space. The case 
history of the first patient encountered with this lesion will now be sum- 
marized and the etiology of spinal extradural cysts in general discussed. 

This patient was a woman of 46 who complained of severe low back 
and bilateral sciatic pain. For six months she had had a feeling of stiff- 
ness in the lower lumbar region, right buttock and posterior thigh and 
for three months there had been actual pain in this region which soon 
became intensely severe. Transient pain developed in the same distribu- 
tion on the left side. The pain was quickly ageravated by sitting and 
standing, as by any form of straining. It was relieved almost at once 
by lying down and never wakened her at night. The one other symptom 
was some numbness and tingling in the right buttock. Examination 
revealed spinal tension, and neurological signs which differed in no essen- 
tial particular from those commonly found in cases of lumbar disc 
protrusion. Radiologically there was probable sacralization of the fifth 
lumbar vertebra and there was possibly some erosion of the posterior 
surface of this vertebral body and the upper sacral segment. The picture 


was not entirely typical but a provisional diagnosis of a lumbar disc pro- 
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trusion was made and in view of the increasingly severe symptoms 
operation was decided upon. 


Exploration of the last two intervertebral discs revealed no abnormality. 
However a cystic swelling was observed immediately above the neural arch 
of the fifth lumbar vertebra. Further bone removal revealed that large 
cysts were present on each side of the theca (fig. 1). Each surrounded the 
fifth lumbar nerve from its upper attachment to the theca to the point at 


which the nerve entered its neural foramen in the sacral canal. Each cyst 
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Fic. 1.—(a), (b), (c), (d), Drawings of operation in a case of meningeal sheath cysts. 
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communicated with the subarachnoid space so that by gentle pressure it 
could be emptied into the theca and remained collapsed so long as the 
neck was occluded. When pressure was removed from this region the 
cyst immediately refilled. Both cysts measured approximately 3 cm. 
vertically by 1.75 cm. transversely. Each was excised between ligatures 
and it was then noted that a saucer-like area of pressure erosion of the 
bony floor of the spinal canal measuring slightly less than 2 cm. diameter 
had been | 
abnormality in the membranes which made up the wall of the cyst or its 


sroduced by each cyst. Histologically there was no evidence of 


contained nerve roots (fig. 2). Post-operatively there was transient reten- 
5S d 


Fic. 2.—Photographs of specimens removed from patient whose operation is 
illustrated above. 


tion of urine and slight weakness of the anal sphincter. Pain was com- 
pletely relieved and the patient has remained well for four years. A small 
area of anesthesia in the third sacral dermatome persists on each side. 

It has been generally assumed that these spinal extradural cysts as 
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a group develop as a result of an embryological defect in the dura mater. 
Occasionally such a defect is placed in the mid-line posteriorly as in the 
case of the commoner meningoceeles associated with spina bifida. More 
often the defect is closely related to the attachment of the dural sleeve 
of a spinal nerve or is within this sleeve itself. The fact that symptoms 
due to the lesion may not develop until middle age suggests that the cysts 
enlarge with the passage of years and the normal pressure of the cerebro- 
spinal fluid would appear to be the force responsible for this growth. 
Thus may be explained the fact that these dural diverticula apparently 
always occur below the mid-dorsal region, since the hydrostatic pressure 
of the cerebrospinal fluid is in all normal postures greater here than at 
higher levels. The normal rhythmic fluctuations in cerebrospinal fluid 
pressure might be expected to facilitate the development of these cysts 
since there is evidence that a fluctuating pressure has a greater effect in 
moulding anatomical structures than an unvarying one. The grooves 
made on bone by related arteries and the convolutional impressions upon 
the base of a normal adult skull are examples of the effect of such fluctuat- 
ing pressures on the most rigid of body tissues. It is noteworthy that the 
cysts in the case discussed above had produced considerable vertebral 
erosion. The cerebrospinal fluid pulse was no doubt as important in the 
production of this erosion as is the destruction of the dorsum sella by 
a distended third ventricle in cases of internal hydrocephalus. 

(b) Spinal subarachnoid cyst.—It is believed that cerebrospinal fluid 
pressure may have again played a part in the development of the lesion 
found in the patient whose case history will now be summarized. 

This patient, a man of 27, was complaining of weakness of his legs. 
Five years before his admission he had developed some red tender nodules 
over the lateral part of his left calf and some weeks later the left leg 
became weak. Complete recovery took place. Four months before 
admission similar swellings appeared and there followed progressive 
weakness of both legs, flexor spasms, and loss of sphincter control. The 
essential abnormal findings were a spastic paraplegia and reduced sensi- 
bility below the seventh dorsal dermatome—proprioceptive sensation 
being most severely affected. The Wassermann and Kahn tests were 
negative, X-ray of the spine normal and lumbar puncture showed no evi- 
dence of subarachnoid block. Cerebrospinal fluid protein was 120 mg. per 
cent in the cisterna magna, 360 mg. per cent in the lumbar theca and 
there were 136 mononuclear cells in the lumbar fluid. Myelography 


suggested the presence of an intraspinal mass at the level of the sixth 
dorsal vertebra. Laminectomy performed at (fig. 3) this level revealed a 
spherical cyst beneath an area of thickened arachnoid. This was bound 
to the flattened cord by adhesions and when dissected out measured 3 cm. 
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Fic, 3.—Drawing of operative exposure of a subarachnoid cyst. 


in diameter. The clear fluid contents rapidly seeped through the thin 
cyst wall. Histologically the latter consisted of loose fibrous tissue with 
some slight round-celled infiltration. Post-operatively there has been a 
slow improvement in power and sensibility. Involuntary micturition 
hindered his attempts to walk and his condition has been benefited to some 
extent by a recent section of the detrusor nerve supply. 

The lesion here has been considered to be circumscribed cystic arach- 
noiditis. Certain features suggest that in spite of its localized character 
its basis was infective. Thus the cerbrospinal fluid pleocytosis and the 
round-celled infiltration in the cyst wall point to such a conclusion and 
the nature of the swellings on the lower limb which preceded the develop- 
ment of cord compression may have been inflammatory. What is the 
mechanism of development of such a cyst? Cysts are not uncommon in 
relationship with obstructions in the subarachnoid space. Of these the 


cyst which covers the posterior surface of an acoustic neurinoma is perhaps 
that most frequently seen. Other cystic dilatations of this space in the 


cranium have been encountered. In the case here described it is believed 
that obstruction in a subarachnoid channel had been produced by an 
inflammatory reaction. The cul-de-sac so formed was then distended by 
the cerebrospinal fluid pressure waves. As the fibrous wall of such a sac 
is stretched its neck will be narrowed until eventually occlusion, temporary 
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or permanent, may occur. In this way the recurring cord compression 
observed in the present case may perhaps be explained. It is difficult to 
put forward any explanation, other than a mechanical one, for the develop- 
ment of this cyst. The only mechanical force available is cerebrospinal 
fluid pressure and it is interesting to contemplate the occurrence of com- 
pression of nervous tissues by lesions whose development is occasioned 
by normal cerebrospinal fluid pressure. 

In this second group of cases it is believed that cerebrospinal fluid 
pressure is the factor responsible for certain distension cysts of the 
meninges. If this view be correct the lesions discussed may be compared 
with aneurysms and varices occurring upon blood vessels. While the 
pressure of the cerebrospinal fluid and its fluctuations are low in com- 
parison with those of the blood the membranes which enclose the nervous 
tissues are less resistant to pressure fluctuations than is the arterial wall. 

There remains for consideration the third group of cases in which 
it is believed that the normal subatmospheric intracranial pressure in 
man may be a factor in the development of intracranial lesions. Chronic 


subdural hematoma is outstanding in this group. Since Trotter (1914) 


focused attention upon this condition by his description of the associated 
clinical picture its practical importance has become increasingly obvious. 
However, understanding of the condition is not yet complete. From the 
pathological aspect there is an encapsulated collection of blood in the 
subdural space. Except in rare instances the collection lies over the con- 
vexity of the cerebral hemisphere, attaining its maximum thickness in 
the parietal region and extending from the falx cerebri on the medial 
side for a varying distance across the hemisphere. Not infrequently a 
great part of the supero-lateral surface of the cerebrum is covered by the 
lesion. The capsule consists of a thick outer membrane, adherent to and 
vascularized from the dura mater, and a thin avascular inner membrane 
continuous with the first at the margins of the haematoma and but lightly 
adherent to the underlying arachnoid. The fluid contents of the capsule 
varies in appearance but frequently resembles venous blood and some- 
times contains blood clots. In a certain proportion of cases, 5 out of 21 
or 28 per cent in a personal series of cases, this lesion is bilateral. 
Turning to the ztiology of the condition the original view that the 
bleeding resulted from an inflammation of the dura mater has been 
abandoned and it is believed that trauma is the one important causal 
agent. However the cases are usually very different from those of cerebral 
compression occasioned by an extradural hematoma and a fully satisfac- 
tory hypothesis explaining all the characteristic features of the lesion has 
been lacking. In the first place at times patients with subdural hematoma 
give no history of an injury and further when there is such a history the 
BRAIN—VOL, LXXVI 20 
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trauma will frequently have been a minor one insufficient to bruise or 
lacerate the scalp or produce even transient cerebral concussion. Indeed 
subdura] hematoma is a relatively uncommon sequela of a severe head 
injury. Thus in our own series of 21 cases there has been no remem- 
bered injury in 5 cases and there was but a doubtful history of injury 
in 2 further cases. Of the 14 patients with a definite history of injury 
this produced severe cerebral concussion or a fracture of skull in only 
5 cases. If then truama is the cause of the hemorrhage in these cases it 
is clear that the vessels giving rise to the bleeding may sometimes be torn 
by the minor stresses. Secondly the lesion frequently appears to develop 
slowly so that the interval between the first symptoms due to it or, where 
there has been one, the causative injury and the severe symptoms which 
lead to the patient’s admission to hospital may be a long one. Thus in 
the present series this interval was greater than three months in 10 cases 
and less than this period in 1] cases — the longest interval being nine 
months and the shortest one week. This slow development of symptoms 
in the presence of a subdural hematoma has usually been assumed to be 
the result of progressive growth of the lesion. It has been suggested that 
such growth is the result of recurring hemorrhage from the vascular outer 
membrane of the hematoma. That bleeding could occur from the mem- 
brane seems to be a definite possibility. However, it appears unlikely 
that the pressure within the capillaries would be sufficient, of itself, to 
give rise to a large collection of blood in the subdural space with con- 
siderable displacement of the cerebral hemisphere. An _ alternative 
etiological hypothesis is that the lesion grows as a result of osmosis. The 
breakdown of protein molecules in the encysted collection of blood raises 
osmotic pressure and cerebrospinal fluid passes into the sac through the 
semi-permeable membrane formed by the arachnoid and thin inner 
covering of the hematoma. Experiments performed in vitro (Gardner, 
1932) support this hypothesis and it would seem possible that this, like 
capillary haemorrhage, may be a factor in the growth of a subdural 
hzmatoma. However, it is not uncommon to find that the content of 
the hematoma closely resembles venous blood and is rich in red blood 
corpuscles, findings which suggest that the breakdown of the hematoma 
fluid may be a slow process. Further any hypothesis designed to explain 
the etiology of these hematomata should take into consideration the 
less common but similar collections of clear fluid in the same locality — 


subdural hygromata. Here there occurs an accumulation of clear fluid, at 


times identical with cerebrospinal fluid (Naffziger, 1924) in the subdural 
space. Where membranes have been identified they are thin and avascular 
resembling the inner membrane of a subdural hematoma. Clearly capil- 
lary hemorrhage and osmosis can play no part in the development of such 
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a lesion and the suggestion that the normal subatmospheric pressure of 
cerebrospinal fluid forces fluid through an arachnoid tear into the poten- 
tial subdural space (Da Costa and Adson, 1941) appears to conflict with 
physical principles. Thirdly, even in the presence of large bilateral sub- 
dural hematomata which cover a great part of the supero-lateral surface 
of each cerebral hemisphere, evidence of raised intracranial pressure may 
be lacking. In the present series papilleedema was absent in 8 and 
amounted to no more than blurring of the disc margins in a further 2 
cases. In the remaining 11 cases the swelling of the discs was rarely severe 
and usually considerably less than might have been expected in view of 
the size of the causative lesion. It is noteworthy that papilloedema was 
absent in 4+ out of the 5 bilateral hamatomata. Further in 3 cases the 
lumbar cerebrospinal fluid pressure was less than 90 mm. of fluid and in 
another the cisternal pressure was subatmospheric with the patient in the 
sitting position. It may thus be stated that frequently intracranial pressure 
is lower than would be expected in the presence of this lesion and the 
assumption that drowsiness and coma in such cases is always due to raised 
intracranial pressure is unjustified. Fourthly, focal neurological distur- 
bance is frequently mild or absent in cases of subdural hemorrhage. In 
the present series of cases it was absent in 9 cases and the | patient who 
developed a dense hemiplegia was found to have a hematoma on the same 
side as his paralysis. It is thought that this was the result of displacement 
of the opposite side of the brain-stem against the tentorial edge by a 
herniation of the temporal lobe on the side of the lesion. Complete recovery 
followed evacuation of the lesion. Finally it is strange that occasionally 
following the evacuation of a large subdural hematoma, the cerebrum 
does not expand and the patient does not recover. This occurred in 2 
patients in the series now under review. The suggestion that rigidity of 
the inner membrane is the cause of this failure of the cerebrum to expand 


is not acceptable since at autopsy it can usually be readily separated from 
the arachnoid. If compression of the cerebrum was the cause of its 
separation from‘the dura one would expect that evacuation of the hema- 
toma, in the absence of circulatory failure, would be followed by rapid 


re-expansion of the hemisphere. 

In tentatively putting forward an etiological hypothesis which would 
explain the various peculiarities of subdural hamatomata already reviewed 
consideration must be given to two matters; first the source of the 
hemorrhage and second: the force responsible for the continued growth 
of the lesion which it is believed may occur over a period of weeks or 
months. As regards the source of bleeding it is generally agreed that 
it is venous since the pressure in these vessels is such that bleeding from 
them into the cranium will be slow — venous pressure being the lowest 
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grade of intracranial pressure. It is usually stated that the vessel ruptured 


is one of the superior cerebral veins as it crosses the subdural space from 


Photographs of sections of superior sagittal sinus and its lacunz and their 
relationships to arachnoid and cerebrum. 
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the cerebrum to the superior sagittal sinus. The free subdural portions 
of these veins are of some length with proportional mobility and elesticity 
and it is difficult to understand how a trivial head injury can give rise 
to rupture of one of them — or even one on each side of the sinus in cases 
of bilateral heematomata. If one enquire as to the situation in the intra- 
cranial venous system in which the blood pressure is lowest and the vul- 


nerability to minor injury is greatest the lateral lacune of the sagittal 


sinus at once come to mind. The anatomy of these lacunx has been dis- 
cussed in previous papers (1934, 1943). From their position and connexions 
and the projection of large villi into them the venous pressure in the 
jacunze would be expected to be lower than elsewhere in the cranium. 
Experience at operation and necropsy suggests that arachnoid villi can be 
readily withdrawn from the veins into which they project — the with- 
drawal, of course, leading to rupture of the vessel (figs. + and 5). Since 


Superior cerebral -.. ar Laseral lacuna 
vein gittal sinus 
Arachnoid 


eee Subaradinoia 
“ka Space 


Sy 


Fic. 5.—Diagrammatic drawing of section as in previous figure. 


in the region of the lacunz laterales the cranial contents are further 
removed from the axis of movement of head on trunk than elsewhere in 
the cranium it is believed that trivial injuries: would be capable of produc- 
ing sufficient displacement of the supero-medial margin of the cerebrum 
on the inferior surface of a lacuna to tear either some of the arachnoid 
connexions between the two structures or the floor of the lacuna. Should 
the latter occur the lumen of the lacuna is brought into communication 
with the endothelial lined subdural space; a tear of the former type would 
open the subarachnoid space into the subdural one. If such injury to 
lacunz laterales be the source of subdural bleeding the not infrequent 
bilaterality of the resulting hematomata is understandable. The sessile 
attachments of the supero-medial margin of each cerebral hemisphere to 
lacunar floor are in close proximity — being separated by the transverse 
diameter of the superior sagittal sinus. Forces which tear this attachment 
on one side might be expected to frequently injure the contralateral one. 
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The force responsible for the continuation of the hemorrhage and 
the growth of the hematoma must now be considered. It is believed that 
the fact that the average intracranial pressure in man is subatmospheric 
may provide the answer. Blood is aspirated into the subdural space in 
the same way as fluid or air may be drawn into the pleural cavity. This 
process will continue until intracranial pressure reaches atmospheric 
level. In neurosurgical practice the presence of a subatmospheric pressure 
in the cranium is demonstrated in a‘number of ways. The deep indrawing 
of the superficial tissues which may occur over a cranial defect even in 
the absence of a defect in the underlying cerebrum is often remarkable 
and is one indication of the force concerned. The aspiration of air through 
a cisternal puncture needle into the ventricles, subarachnoid and even sub- 
dural space at encephalography provides another example. The force 
concerned is thus not a negligible one and it is believed that it can give 
rise to a slow accumulation of blood in the subdural space. No dramatic 
symptoms will arise until intracranial pressure is raised to such a level 
that venous obstruction with cerebral oedema develop or until a tentorial 
pressure cone produces aqueduct obstruction and an internal hydro- 
cephalus. Indeed in some cases no great rise in intracranial pressure occurs 
and symptoms appear to be due to mid-brain compression by a temporal 
lobe herniation. 

While no direct evidence can be given to support this ztiological 
hypothesis it is believed to be in accordance with what is known of intra- 
cranial pressure in man. Furthermore several of the mysterious features 
of subdural hematoma become explicable. Thus a minor head injury 
which brings the lumen of an intracranial vein into continuity with the 
subdural space will be more likely to be followed by a haematoma than a 
severe injury following which intracranial pressure will be raised by 
laceration, contusion and cedema of the cerebral tissue. Again the long 


latent period between injury and the development of the typical clinical 


picture of a subdural hematoma can be understood. The blood collect- 
ing in the subdural space is producing no compression — it simply permits 
the collapse of vascular and subarachnoid channels previously held open 
by the subatmospheric intracranial pressure. fn due course there may 
occur a rise in intracranial pressure either from venous obstruction and 
cerebral cedema or from dilatation of the contralateral lateral ventricle 
as a result of obstruction of the aqueduct by a tentorial pressure cone. At 
times, however, there is never evidence of such a rise in pressure and the 
disturbance of consciousness appears to be due to compression of the mid- 
brain by the temporal lobe herniation. The frequent absence of evidence 
of raised intracranial pressure even in the presence of large bilateral haema- 
tomata can be explained on the same grounds as also the mildness or even 
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absence of focal neurological signs. Finally the well-recognized fact that 
after evacuation of a subdural haematoma, the cerebrum may fail to expand 
to obliterate the subdural space, and recovery not occur, becomes explic- 
able. These will be the cases in which intracranial pressure has not risen 
in the later stages and in which a tentorial pressure cone is largely 
responsible for the clinical picture. The latter lesion will carry its usual 
threat of irremediable injury to the mid-brain. It should be stressed that 
it is not suggested that this hypothesis supplies an explanation for all 
subdural collections of blood. In acute and some subacute hematomata 
associated with severe head injuries the haematoma is accompanied by a 
laceration of the cerebrum and consequent tearing of cerebral vessels from 
which the bleeding arises. It is the causation of the ordinary chronic sub- 
dural hematomata in adults which has been considered and it is believed 
that while recurrent hemorrhage from the outer membrane and osmotic 
factors may contribute to the development of the lesion the possible 
etiological importance of the normal subatmospheric pressure in the 
cranium has not received sufficient attention. 

To summarize the fluctuations in cerebrospinal fluid pressure 
occasioned by postural alteration and variations in the arterial and venous 
pressures within the cranium and spinal canal have been reviewed. These 
suggest that vascular and hydrostatic factors contribute largely to the 
normal pressure of the cerebrospinal fluid. Further this pressure, subject 
as it is to both regular and irregular fluctuations, would appear to provide 
a force sufficient to produce lesions affecting the central nervous system. 
Thus it is thought that the subatmospheric intracranial pressure in man 
may be a factor in the production of chronic subdural haematoma. The 
cerebrospinal fluid pulse, especially when superimposed upon the consider- 
able hydrostatic pressure of the fluid in the lower portion of the dural 
theca would appear to provide a force adequate for the development of 
cystic dilatations of the subarachnoid space. These may be entirely intra- 
dural, the cyst wall being composed of arachnoid only, or the cyst may 
have an additional dural envelope so that an intraspinal meningoceele is 
produced. The close relationship existing between the cerebrospinal fluid 
and systemic venous pressure has been emphasized. This relationship is 
so intimate that in the absence of any intracranial disease it appears that 
a rise in intracranial venous pressure may occasion not only gross signs 
of intracranial hypertension but also possibly — focal neurological 

































disturbance. 












I am indebted to my registrars, Mr. F. J. Gillingham and Mr. J. Andrew 
for their assistance in recording variations in the cerebrospinal fluid pres- 
sure and also to Dr. Cureton for the sections of the superior sagittal sinus. 






JOHN E. A. O'CONNELL 
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CREATINE AND GUANIDOACETIC ACID METABOLISM 
IN MUSCLE DISEASE 


BY 


J. N. CUMINGS 
(From the Clinical Pathological Laboratory, 
National Hospital, Queen Square, London) 


CreEATINE metabolism is deranged in three groups of diseases. The 
abnormalities seen in pituitary disorders have been described by Schrire 
(1937) and Cumings (1944 and 1950), while Schrire (1948) and Griffiths 
(1951) have described their findings in thyrotoxicosis. The third group 
with disorders of creatine metabolism consists of various muscle diseases. 
Milhorat and Wolff in a series of papers which will be discussed later, 
and Tyler and Stephens (1951) who have reviewed part of this subject 
are among the authors who have written about the presence of urinary 
creatine in patients with muscular disturbances. Tierney and Peters (1943) 
introduced the creatine tolerance test in which estimations of blood as well 
as urinary creatine were carried out in thyrotoxicosis, and I performed 
similar examinations in pituitary disorders, and urinary guanidoacetic acid 
was also estimated. 

This present paper records the results of a similar investigation in a 
series of 67 patients suffering from some form of muscle disorder. 

MATERIAL 

A series of 62 patients with various muscle diseases have been exam- 
ined. Diagnosis was absolutely certain in every case, either by clinical 
examination or by histology, and no doubtful cases are recorded here. 
The 67 cases included patients with the following diseases : 

(a) Myotonia. There were 7 patients with ages ranging from 29 to 51 
years and of these 3 were men. 

(b) Myasthenia gravis. This group consisted of 10, equally divided 
between the sexes, with ages ranging from 12 to 60 years. Every patient 
was being treated with prostigmin, 2 died before thymectomy and 2 were 
treated by thymectomy. 

(c) Myopathy. 28 cases of whom 7, when first examined, showed affec- 
tions of the eye muscles only, but | of these patients two years later de- 
veloped abnormalities in limb muscles as well. Histological examination 
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of muscle in 4 cases at some stage of the disease showed the typical 
appearances seen in this disorder. Of 21 cases of generalized muscular 
dystrophy 18 showed a characteristic histological picture in the muscie 
biopsy, and all 21 were clinically typical. One of these patients was 
affected by an old poliomyelitis in one leg while the other leg showed 
myopathic features. There were 15 males and 12 females with ages rang- 
ing from 5 to 53 years. 

(d) Pseudo-hypertrophic muscular dystrophy. There were 6 patients in 
this group, of whom 5 were boys aged 6 to 12 years with one female of 
27 years. Clinical examination showed the usual features of this disorder, 
and in 2 cases histological proof of a muscular dystrophy was also 
obtained. 

(e) Neuronopathy. There were 8 cases of whom 3 were males. Ages 
ranged from 28 to 70 years. Some were cases of peripheral neuritis or of 
motor neuronitis, and in 2 histological examination confirmed the clinical 
findings. 

(f) Peroneal muscular atrophy. There were 3 cases aged 16, 29 and 45 
years. Clinical appearances were typical. 

(g) Dermatomyositis. The typical appearances were found in the 3 cases 
which were examined, | of whom was a man. 

(h) Polyneuritis associated with porphyrinuria. 2 cases. 

During this investigation numerous other patients have been examined, 
but absolute proof of the pathology of their conditions was not obtained, 
or in some there was a difference of opinion, and these have been excluded. 


METHODS 


All patients were placed on a meat and fish free diet for a minimum 
of five days, on the third day of which the creatine tolerance test was 


performed as described in the previous paper (Cumings, 1950). Twenty- 
four-hourly urines were collected and blood was taken fasting and one 
hour after | gramme of creatine by mouth on the third day. Creatine 


and creatinine in the urine and blood, and guanidoacetic acid in the urine 
were estimated by the same methods as were used previously (Cumings, 
1950). 

Blood guanidoacetic acid and arginine were also estimated in some 
cases, using an apparatus similar to that described by Hamilton and 
Archibald (1944), and the method for the colorimetric determination of 
both these substances was similar to that for estimating urinary guanido- 
acetic acid, but using an arginine standard solution for the estimation of 
blood arginine. Another examination carried out in selected cases was 
a pyruvate metabolism test (Joiner et al. 1950). 

Muscle was obtained from 13 cases and the weighed muscle was dried 
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at 100° C., re-weighed to obtain the amount of water present, then ashed 
at 560° C., after which the ash was dissolved in water. Estimations were 
made of potassium (King, 1946), sodium (Stone and Goldzieher, 1949) 
and magnesium (either by McCance and Shipp, 1933, or by Orange and 
Rhein, 1951). 


RESULTS 


Myotonia.—Each of the 7 patients with this condition fell into one 
of two categories, firstly those showing myotonia alone, and secondly those 
who showed wasting of muscles along with a varying but usually slight 
degree of myotonia. The former group consisting of 3 cases showed no 
abnormality as far as urinary creatine, creatinine or guanidoacetic acid are 
concerned. Fasting blood creatine figures of 0°65 mg. per 100 ml. or under 
were obtained, but the fasting blood creatinine was a little lower than 
normal. Of the ingested creatine between 20 per cent and 30 per cent 
was excreted, amounts that are within the normal limits. 

The 4 cases with wasting as well as myotonia showed a lowered urinary 
excretion of creatinine, a small creatinuria but a normal guanidoacetic 
acid excretion. Fasting blood creatine figures higher than normal were 
found, with a lowered blood creatinine. Between 40 per cent and 50 per 
cent of the ingested creatine was excreted in the urine, and the 
blood level of creatine rose one hour after the test dose to a figure 
higher than is found in the normal subject, and higher than in the 
myotonic group, indicating some degree of inability to metabolize 
creatine. 

M yasthenia.—All the 10 patients in this group were taking prostigmin, 
and if the patient’s condition permitted this drug was omitted during the 
test period, or at least during the morning of the creatine tolerance test, 
but even this was impossible in + cases. These 4 showed a small creatinuria 
with a slightly raised fasting blood creatine level of between 0°8 and 1:3 mg. 
per 100 ml. Blood and urine levels of creatinine were slightly below normal 
figures. Urinary guanidoacetic acid was normal. The test dose of creatine 
resulted in an excretion in the urine of between 20 per cent and 30 per cent 
of creatine. The 6 cases in whom it was possible to stop the prostigmin 
showed no creatinuria or raised fasting blood creatine. Creatinine levels 
in blood and urine were depressed but the urinary guanidoacetic acid 
excretion was normal. The normal amount of ingested creatine was 
excreted in the twenty-four hours following the test dose. 





Myopathy.—5 of the 7 cases examined when only eye symptoms were 
present showed no biochemical abnormality apart from a slightly low 
urinary output of creatinine. 2 patients showed minimal amounts (0°1 
gramme or less a day) of creatine in the urine with fasting blood creatine 
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levels just above the normal. One of the patients originally showing no 
biochemical changes returned after two years when a few muscles in the 
extremities had become involved. This patient now showed a slight 
creatinuria with a slightly raised fasting blood creatine, but with no other 
abnormality present. Histological examination of muscle at this time 
showed an appearance compatible with the diagnosis of myopathy. 

Apart from one case of generalized muscular dystrophy which showed 
no urinary creatine, all the other 20 patients with this disorder showed a 
creatinuria with usually a definitely low urinary creatinine, but a normal 
guanidoacetic acid urinary excretion. All except 2 cases showed a raised 
fasting blood creatine, and | of these 2 cases was clinically normal even 
though the histology of a portion of muscle was definitely pathological. A 
creatine tolerance test was not carried out in 2 patients, but of the other 
19 cases 13 of them showed an abnormal output of creatine following 
the test dose of | gramme, and of these 9 showed an excretion of 50 per 
cent or more within the following twenty-four-hour period. However, 3 
of the 6 patients not showing this abnormal output of creatine showed a 
normal creatinine content in the urine. Most cases excreting these large 
amounts of creatine also showed high blood levels one hour after the test 
dose, and it seemed obvious that the ingested creatine after absorption 
circulated in the blood, and as it could not be readily utilized by the 
muscle was rapidly excreted. Blood levels of creatinine were low in adults 
except in the 3 cases in whom the urine contained normal amounts of this 
substance, but in children both urinary output and blood levels were on 
the low side of normal. 

Pseudo-hypertrophic muscular dystrophy.—All the patients showed a 
raised blood creatine with a creatinuria. The children all showed a quite 
low urinary excretion of creatinine, and in the adult case there was a slight 
drop in urinary output. The children did not excrete abnormal amounts 
of creatine after the test dose, but the adult did excrete a slightly increased 
amount, although this did not reach the height obtained in generalized 
muscular dystrophy. Guanidoacetic acid excretion was normal. 

Neuronopathy.—All except one patient showed a raised fasting blood 
creatine with a corresponding creatinuria. However, the amounts found 
were relatively low, being in the urine, for instance, between 0°1 gramme 
and 0:2 gramme of creatine a day, which figures are lower than those found 
in the bulk of the cases of muscular dystrophies. 


The urine creatinine level was well below 1 gramme a day in all except 


2 patients who just reached this figure. The blood creatinine was also 


below normal with only one exception. 


Following creatine by mouth there was a normal increase in the amount 
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of creatine excreted in the urine, and the blood level rose to a height 
normally obtained after such ingestion of creatine. 

Guanidoacetic acid excretion was within normal limits in every case. 

Peroneal muscular atrophy.—The urine of these patients contained 
either no creatine or only a very slight trace with an almost normal fasting 
blood creatine. Urine creatinine was normal, but the blood level of creatin- 
ine was a little lower than normal in 2 of the patients examined. Normal 
amounts or only very slightly increased quantities of creatine were excreted 
after the test dose of creatine, and this only raised the blood level by the 
normal amount. 

Guanidoacetic acid urinary excretion was normal. 

Figs. 1-3 show the results obtained in one case from each group of the 
muscle disorders, but the guanidoacetic acid excretion hag been omitted 
from all as in no patient in this series has it been abnormal. 

Dermatomyositis—The urinary creatinine excretion was a little low 
but the blood level was normal. The fasting blood creatine was slightly 
raised with a corresponding creatinuria. 

Guanidoacetic acid excretion was within normal limits. 

Very slightly greater than normal amounts of creatine were excreted 
after the test dose by mouth. 

Porphyrinuria.—2 patients, one a woman of 46 and the other a man of 
30 were examined. Both excreted fairly large amounts of uro- and copro- 
porphyrin, and both suffered from well-marked polyneuritis. The woman 
had paralysis of both legs, but in the man the arms and trunk as well as 
the legs showed a flaccid paralysis. Fig 3(c) and (d) shows the results 
obtained when she was first admitted and when she had recovered. It 
will be noted that she had a creatinuria with raised fasting creatine and a 
lowered urinary creatinine. Guanidoacetic acid excretion was well below 
normal. Following recovery creatine excretion ceased—except after the test 
dose—and the fasting blood creatine had returned to normal. Low urinary 
creatinine figures were still present, but the blood level had returned to 
normal. The striking feature was the very considerable increase in the 
urinary guanidoacetic acid. The blood guanidoacetic acid and arginine 
levels were also raised above the normal to 0°36, and 3-06 mg. per 100 ml. 
respectively. 

The man examined during the paralytic stage only, as he did not 
recover from the paralysis to any considerable extent, showed identical! 
features except that they were even more pronounced—the fasting blood 
creatine, for example, was 2°14 mg. per 100 ml. and the urinary creatine 


and guanidoacetic acid were of the order of 0°6 gramme per day and under 


10 mg. a day respectively. 





Fic. 1.—(a) Myotonia without atrophy. No. 13595, Female 38 years. (b) Myotonia 


with atrophy. No. 29593. 


Female 41 


years. 


(c) Myasthenia without prostigmin. 


No. 10884. Female 32 years. (d) Myasthenia with prostigmin. No. 19815. Female 


41 years. 


(a) 


| 1.G. CREATINE 


Creatinine 
Fasting : 0-7 mg./100 ml. 
1 hour after 
1 gramme 


creatine: 0-9 mg./100 ml. 


(c) 


| 1.G. CREATINE 


Creatinine 
Fasting: 0-6 mg./100 ml. 
| hour after 
] gramme 
creatine: 0-7 mg./100 ml. 


CREATINE 


and 


CREATININE 


OU 


BLOOD 
(a) 


Creatine 


0-35 mg./100 ml. 


1-15 mg./100 ml 


CREATINE 


and 


CREATININE 


U 


Creatine 
0-4 mg./100 ml. 


0-8 mg./100 ml. 


(b) 


| LG. CREATINE 


(b) 
Creatinine Creatine 
0-5 mg./100 ml. ‘2 mg./100 ml. 


0-5 mg./100 ml. 3-5 mg./100 ml 


(4) 


| 1G. CREATINE 


(d) 


Creatinine Creatine 


0-7 mg./100 ml. 1-3. mg./100 ml. 


0-7 mg./100 ml. 4-3. mg./100 ml. 





Fic. 
Generalized myopathy with wasting. 


2.—(a) Myopathic ophthalmoplegia. No. 
No. 16563. 


19162. 
Male 17 years. 


Male 51 years. (b) 
(c) Generalized 


myopathy without wasting. No. 27446. Female 37 years. (d) Pseudo-hypertrophic 


muscular dystrophy. No. 4103. Male 7 years. 


(a) 


| .G. CREATINE 


CREATINE 


and 


CREATININE 


O 


BLOOD 


(a) 


0-4 


Creatine 
mg./100 ml. 


Creatinine 

Fasting: 0-9 mg./100 ml. 
| hour after 
] gramme 


creatine: 1:0 mez,/100 ml. 2:0 mg./100 ml. 


| 1G. CREATINE 


CREATINE 


and 
CREATININE 


U 


BLOOD 
(c) 
Creatine 
0-7 mg./100 ml. 


Creatinine 


Fasting: 0-5 mg./100 ml. 


| hour after 
] gramme 
creatine: 0°5 


mg./100 ml. 3-4 mg./100 ml. 


(b) 


| 1.G. CREATINE 


Creatine 
1-5 mg./100 ml. 


(b) 
Creatinine 


0-4 mg./100 ml. 


0-5 mg./100 ml. 3-1 mg./100 ml. 


(4) 


| 1.G. CREATINE 


1.0G 
0.5G 


(A) 
Creatine 
0-95 mg./100 ml. 


Creatinine 
0-75 mg./100 ml. 


1-0 mg./100 ml. 1-75 mg./100 ml. 





Fic, 3.—-(a) Neuronopathy. No. 36648. Male 58 years. (b) Peroneal muscular 
atrophy. No. 11157. Male 29 years. (c) Polyneuritis associated with porphyrinuria 
on admission. No. 28958. Female 46 years. (d) Same patient as (c) after recovery 
from muscle weakness. 


(a) (b) 


| .G. CREATINE 
1.5G 
CREATINE 
1.0G and 
CREATININE 
DAYS 


BLOOD 
(a) (0b) 
Creatinine Creatine Creatinine Creatine 


| 1.G. CREATINE 


Fasting: 1-0 meg./ 100 ml 0-9 meg. 100 ml 0-8 meg./ 100 ml 3 mg./100 m 
| hour after 

1 gramme 

creatine: 1-0) meg. 100 ml. 1-5) meg/100 ml. 0-9 meg./100 ml] 1-25 mg./100 ml! 


(¢) (d) 


| IG. CREATINE 


r] 
Tr 1.0G 
LJ CREATININE 


| 
| 
} 
| 
| 
| 
| 
j 


Y GUANIDOACETIC 


| 
ACID | 


0.5G 


BLOOD 
(c) (d) 
Creatinine Creatine Creatinine Creatine 
Fasting: 0-65 mg./100 ml. 0-75 mg./100 ml. 1-1 mg./100 ml. 0-6 mg./100 ml, 
1 hour after 


1 gramme 
creatine: 1-1 mg./100 ml. 1-4 mg./100 ml. 
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No examinations similar to those recorded above in patients with this 


disorder have been found, and the results obtained in these 2 cases suggest 





that more guanidoacetic acid is converted into creatine than normal, but 






the full meaning of the results will not be apparent until more cases are 





examined. 





Other examinations.—Blood levels of guanidoacetic acid and arginine 





were carried out on 14 patients, each of the above groups of muscle diseases 






being represented. Apart from one case of myasthenia gravis who showed 






a very slightly raised level of guanidoacetic acid only, no abnormality at 





all was found. 





The pyruvate metabolism test was performed in 5 cases of neurono- 





pathy, and in 3 a raised blood level of pyruvate, i.e. a diminished tolerance, 





was obtained. A normal metabolism was found in 6 cases of muscular 





dystrophy examined, and in | case of myotonia a result only differing 





very slightly from normal was found. 






Chemical analysis of muscle from 11 cases of myopathy and 2 cases 






of neuronopathy was performed, and no abnormality was found in water, 







potassium, sodium and magnesium contents. 


DiIscusSION 






The estimation of creatine in the urine has been made very frequently 





in the past and some authors lay stress on its value. The results pre- 






sented here suggest that it may be found to some extent in many disorders 






affecting muscle. Milhorat and Wolff examined a number of diseases 






in which the muscles are involved. They found in muscular dystrophy, 






including the pseudo-hypertrophic type, a well-marked creatinuria in their 






patients (Milhorat and Wolff, 1937). Their paper also records the giving 






of creatine by mouth to 20 cases, which resulted in large amounts of this 





added creatine being excreted, results which are comparable to those 






recorded here. They state that this indicates that large amounts of muscle 






are disabled. An analysis was made of 20 of the cases recorded in this group 





as to the amount of muscle involved both by weakness and wasting and 






the length of history in relation to the degree of creatinuria and the rise 






in urinary and blood levels after the test dose of creatine used. 





The creatine tolerance was diminished in 14 cases, of whom 13 were 





adults, and normal in 6 cases of whom 4 were adults. The length of 





history was from two years to twenty-eight years, but appeared to bear 





no relationship to the biochemical findings. All those cases showing a 





diminished creatine tolerance had weakness of muscles, in 12 it was very 





severe and widespread, while in one the arms and eyes were involved and 





in the other case the arms only were affected. 13 of the 14 cases showed 
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marked wasting of the muscles, and the one case showing no obvious 
wasting was affected in the arm muscles only. 

6 cases showed a normal tolerance test and of these | had marked and 
widespread weakness, and 2 moderate weakness and 3 only slight weakness 
f the muscles. Wasting was, however, present in only 2 of the 6 cases. 

[t would appear from these findings that a diminished creatine tolerance 
is more likely to be associated with wasting than with severe weakness 
only, although where muscles of the trunk as well as the limbs are affected. 
Wasting is not an essential for this abnormality to be found. 

Later Milhorat and Wolff (1938a) examined cases of mvasthenia and 
they found only very slight creatinuria, and they add that in their view 
the prognosis is grave if creatinuria persists. However, one of the 2 fatal 
cases in my series showed a well-marked creatinuria while the other had 
only a very small amount of creatine in the urine and the fasting blood 
level was absolutely normal. They state that prostigmin in small doses 
had no effect on the creatinuria. My findings were slightly different in 
that I found no creatinuria when prostigmin was withheld during the test 
period, and slight creatinuria in patients who were on prostigmin. I did 
not follow up the patients long enough on smal! doses, as it was necessary 
to treat all the cases energetically in view of their clinical state, hence it 
was not possible to determine the effects of such dosage on the creatinuria. 
The same authors (1938b) found no abnormality in creatine metabolism 
in myotonia congenita, and at the most only a slight abnormality in 
myotonia atrophica, and this was dependent upon the bulk of muscle 
affected. These findings are very similar to those recorded here. Bruny 
and Frankel (1951) and Tyler and Stephens (1951) have also found the 
creatine tolerance test valuable, as in pseudo-hypertrophic muscular 
dystrophy the former authors have shown a diminished creatine tolerance 
in the one case examined. Blood levels had not previously been examined, 
nor had the urinary excretion of guanidoacetic acid been followed. 

It would seem that when a large bulk of muscle is damaged and is 
atrophied or is replaced by fibrous tissue there is then a creatinuria with 
a raised level of creatine in the fasting blood. This is obviously one 
result of the muscle damage as not only does it parallel the degree of 
damage, but guanidoacetic acid, a precursor of creatine, is not involved 
in anv of these disorders as has been shown to occur in some forms oi 
pituitary disease. However, it is only in the muscular dystrophies and in 
myotonia atrophica that there is a diminished creatine tolerance, but the 
diminution in myotonia atrophica is not usually as marked as in the other 
condition. 

However, in children suffering from pseudo-hypertrophic muscular 


dystrophy there was found no abnormal creatine tolerance, but in the one 
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adult with this disease this test was abnormal and the findings paralleled 
those seen in the larger group of muscular dystrophies. Similarly, the rise 
in blood creatine after the test dose is much higher in myopathy than in 
any other muscle disorder, although the increase is not so high as has been 
seen in patients with some suprapituitary cysts. 

A further noticeable feature is that guanidoacetic acid is normal in a!l 
muscle diseases, although in porphyrinuria figures lower than in any other 
condition were found. Similarly, blood levels of guanidoacetic acid have 
been generally normal. 

It is also of interest to note that the one patient who suffered initially 
from myopathic ophthalmoplegia showed no abnormality in creatine 
metabolism, yet when he developed lesions in some limb muscles there was 
a creatinuria with raised fasting blood creatine. However, as weakness and 
no wasting was apparent the creatine tolerance test yielded a normal 
response. 

The results do justify the use of this method of examination in muscle 
disorder as the use of this technique may assist the clinician in arriving 
at a diagnosis, even though in many cases the clinical findings may in 
themselves be sufficient. However, there are quite a number of cases where 
clinical difficulties may arise. If in such cases there is a marked diminu- 
tion of creatine tolerance, there being an excretion of 40 per cent or more 
of the ingested creatine, the diagnosis lies between myotonia atrophica and 
myopathy with the latter by far the more likely. If definite atrophic 
changes are present and there is no abnormal creatine tolerance neurono- 
pathy is a more likely diagnosis than myopathy, and this view is strength- 
ened if the pyruvate metabolism test is abnormal, as more than half of 


my cases showed this feature. 


SUMMARY 

67 cases in which muscle abnormalities were present have been investi 
gated, and the urinary creatine, creatinine and guanidoacetic acid, and the 
blood levels of creatine and creatinine examined. Creatine tolerance tests 
have also been conducted. 

Normal results have been found in myotonia congenita and in some 
cases of myasthenia gravis, and in myopathic ophthalmoplegia. 

Creatinuria has been found in myotonia atrophica, myasthenia gravis 
on prostigmin, muscular dystrophy, neuronopathy, dermatomyositis, and 
porphyrinuria. 

The creative tolerance is grossly diminished in myotonia atrophica and 
in generalized muscular dystrophy only. The results obtained in 2 cases 
of polyneuritis associated with porphyrinuria are included and show 


marked creatinuria with extremely low excretions of guanidoacetic acid. 
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AN EXPERIMENTAL STUDY OF THE CENTRAL OLFACTORY 
CONNEXIONS IN A MARSUPIAL (TRICHOSURUS VULPECULA) 
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Tue possibility of a direct pathway from the olfactory bulb to the 
hippocampus has been experimentally tested in various mammals in 
recent years. Using a silver staining method to show degenerating fibres 
and terminals, Le Gros Clark and Meyer (1947) concluded that in the 
rabbit the fibres of the lateral olfactory tract terminate principally in the 
olfactory tubercle, the anterior piriform cortex and certain of the amyg- 
daloid nuclei. None appeared to end in the posterior part of the temporal 
cortex described by Cajal (1911) as the “écorce temporale postérieure ou 
supérieure, ” or entorhinal area of Brodmann (1909). From this entorhinal 
area well-defined paths enter the hippocampus. 

With the same histological technique in the monkey, Meyer and Alli- 
son (1949) were unable to detect any fibres from the olfactory bulb 
entering the entorhinal area or hippocampus. Electrophysiological studies 
have indicated either a similarly restricted distribution of potentials follow- 
ing stimulation of the olfactory bulb (Rose and Woolsey, 1943: Fox, 
McKinley, and Magoun, 1944) or a long conduction time between the 


olfactory bulb and the hippocampus consistent with a multisynaptic path- 


way (Berry, Hagamen and Hinsey, 1952). 

The present study has been undertaken in a marsupial to test the 
extent of the distribution of the fibres of the olfactory bulb in these 
curiously specialized animals, and particularly to determine any direct 


hippoc ampal pathways. 


MATERIAL AND MeEtTHops 


The olfactory bulb has been removed on one side in eight animals 
with full aseptic ritual. All operations were conducted under nembutal 
anzesthesia administered by both intraperitoneal and intravenous routes. 
Ihe level of the section varied from an anterior one removing only the 
anterior portion of the bulb to a posterior incision passing through the 


anterior olfactory nucleus, much of which lies within the olfactory bulb 
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in these animals. After operation the animals were allowed to survive 
from two to eight days. 

The brains were perfused in situ with 10 per cent formalin in normal 
saline and after removal fixed for seven to ten days in 10 per cent formalin. 
Frozen sections were then cut at 10-15 u» and stained by a modification of 
the Glees silver impregnation method (Adey and Meyer, 1952a) to show 
degenerating fibres and terminals. Weil and Nissl stains were performed 
on sections 25 » in the thickness cut at the same levels as the silver sections. 
A serial section of the normal phalanger stained by the Weigert method 
and counterstained with carmine was available for comparison with the 
experimental material. A normal brain was also stained by the silver 
method at representative levels to assess the morphology of normal ter- 
minals in areas where degeneration was detected in experimental animals. 

Certain difficulties were encountered in the adaptation of the silver 
method to the marsupial brain. It was found necessary to adjust carefully 
the neutrality of the formalin solution used in the reduction baths in order 
to avoid excessive background staining and precipitation on the surface of 
the sections. Moreover, in certain regions such as the amygdaloid nuclei, 
degeneration appeared to advance more slowly than that found in the 
rabbit (Le Gros Clark and Mever, 1947) after a similar removal of the 
olfac tory bulb. Thus degenerating terminals in the amygdaloid nuclei are 
very obvious five to seven days after operation, and are muc h less numerous 


with shorter survival periods. Le Gros Clark and Meyer found an optimum 


survival period of approximately three days for displaying this type of 


degeneration in many of the sites of termination of the olfactory fibres 
in the rabbit. 

The vagaries of silver staining methods are well known, and criteria 
similar to those employed by Le Gros Clark and Meyer (1947) and by 
Blackstad, Brodal and Walberg (1951) have been used in the assessment 
of degeneration. Where possible degenerating fibres have been traced to 
the nuclei of termination, and the increased argentophilia and swelling 
of boutons within the nuclei, together with a great increase in their num- 
ber, have been taken as the criteria of terminal degeneration (Plate V, figs. 
1 and 2). The occurrence of scattered, much smaller ring-like or solid 
boutons in the vicinity of nerve cells can be easily demonstrated by this 
method in many regions of the normal brain, but with the above criteria 
it would appear readily possible to distinguish them from degenerating 
boutons. 

OBSERVATIONS 

To facilitate the description of the degeneration a series of transverse 

sections will be discussed and represents the pooled results from different 


animals with varying survival periods. 





THE CENTRAL OLFACTORY CONNEXIONS IN A MARSUPIAL 313 


Section | (At the level of the caudal end of the anterior olfactory 
nucleus and the olfactory ventricle) (fig. 1)—At this level the lateral 
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Pic. Transverse section at the level of the caudal end of the anterior olfactory 
nucleus and the olfactory ventricle. 


olfactory tract lies on the lateral aspect of the olfactory peduncle, extend- 
ing to the rhinal fissure dorsally and downwards to the inferior aspect of 
the peduncle. As in the rabbit (Le Gros Clark and Meyer. 1947) the 
olfactory tract gradually thins ventromedially, finally disappearing on the 
medial side of the peduncle at the level of the anterior olfactory nucleus. 
These ventral fibres appear to form an ill-defined medial olfactory tract. 
Dorsolateral to the anterior olfactory nucleus numerous very fine fibres 
stream round the lateral side of the olfactory ventricle to join the anterior 
limb of the anterior commissure, and appear to be derived from these 
medial fibres of the olfactory tract. 

Six days after removal of the olfactory bulb at the anterior border of 
the anterior olfactory nucleus severe degeneration is present in the fibres 
of the lateral olfactory tract (Plate V, fig. +). A high proportion of fibres 
are broken into short segments with irregular outlines and are intensely 
argentophilic. In the vicinity of the rhinal fissure the degeneration is less 
severe, and degenerating axons, which are probably collaterals of the main 
olfactory tract fibres, can be seen streaming towards the rhinal sulcus. 
Some of these fibres enter the outer layer of the underlying prepiriform 
cortex and scattered degenerating terminals are present in this layer. 

Subjacent to the lateral olfactory tract degenerating terminals are 
present in the external part of the anterior olfactory nucleus, but no 


degenerating fibres could be traced inward as far as the more deeply 


placed pyramidal cell laver. Scattered degenerating terminals and fine 
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degenerating fibres are present on the medial side of the olfactory peduncie 
as far dorsally as the anterior hippocampal nucleus, but neither this 
nucleus nor the posterior part of the anterior olfactory nucleus show any 
degeneration. 

The fascicles which stream dorsally around the olfactory ventricle to- 
wards the anterior commissure at this level show a few degenerating 


fibres six days after the operation. They are present ina specimen in which 


the anterior olfactory nucleus is apparently intact, and despite their central 
position in the peduncle, do not appear to have arisen in the anterior 
olfactory nucleus. Similar degeneration was noted in the rabbit by Le Gros 
Clark and Meyer (1947). 

Section 2 (At the level of the olfactory tubercle and the septal region) 


?).—Five days after operation transverse sections at this level show 
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Fic. 2.—Transverse section at the level of the olfactory tubercle and the septal 





region. 











considerable degeneration among the dorsal collateral fibres of the lateral 


oltactory tract, and scattered degenerating terminals are present in the 





outer layer of the prepiriform cortex. Some of the most ventral fibres of 





the olfactory tract turn dorsally to terminate in the outer layer of the 





olfactory tubercle. These fine degenerating fibres and their terminals can 





only be traced as far as the outer layer. Although degenerating fibres 





were seen to penetrate the pyramidal cell layer in sections at the posterior 
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end of the tubercle (fig. 3), at this anterior level no fibres could be de- 
tected passing through the pyramidal cell layer into the islands of Calleja, 
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Fic. 3.—Transverse section at the level of the anterior commissure and the posterior 
part of the olfactory tubercle. 


even with survival periods as long as seven days. The degeneration in 
the outer layer of the tubercle is limited to its lateral and ventral parts. 
No degeneration was found in the medial part. 

A careful examination in each of the operated brains did not reveal 
any degeneration in the septal nuclei nor in the anterior extremity of the 
hippocampus and dentate gyrus which are visible at this level. The 
degenerating fibres in the anterior limb of the anterior commissure noted 
in the first section are also present at this level where this part of the 
anterior commissure lies close to the inferior margin of the lateral ventricle. 


Section 3 (At the level of the anterior commissure and the posterior 





part of the olfactory tubercle) (fig. 3).—Six days after operation degenerat- 
ing fibres from the medial part of the olfactory tract can be seen entering 
the pyramidal cell layer of the olfactory tubercle, and degenerating ter- 
minals are present amongst the pyramidal cells. The fibres of the olfactory 
tract appear to penetrate more deeply at the posterior end of the tubercle 
than at more anterior levels. The degenerating terminals are sharply 
limited to the olfactory tubercle and a careful search in the immediately 
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adjacent nucleus of the diagonal band did not reveal either fibre or terminal 
degeneration. 
In this section the bed nucleus of the stria terminalis appears, much of 


it lying on the dorsal aspect of the anterior commissure. A portion of this 


nucleus appears on the ventral aspect of the commissure in Trichosurus. 
Both dorsal and ventral parts of the bed nucleus show considerable num- 
bers of degenerating terminals and degenerating fine fibres five days aftei 
removal of the olfactory bulb. The various bundles forming the stria 
terminalis do not appear to be involved in the degenerative process. Seven 
days after operation the severity of the degeneration is considerably 
increased, and numerous swollen terminals are present around the cells 
of the bed nucleus (Plate V, fig. 3). 

The anterior commissure at this level forms an exceedingly large 
bundle but degenerating fibres are very few. Commissural fibres from the 
olfactory bulb appear to be limited to the anterior part of the commissure. 

Section 4 (At the level of the nucleus of the lateral olfactory tract, 


immediately behind the anterior commissure) (fig. +)—The bed nucleus 
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Fic. 4.—Transverse section at the level of the nucleus of the lateral olfactory tract. 


of the stria terminalis expands immediately behind the anterior commis- 
sure and extends ventrally as a continuous wedge-shaped collection of cells 
along the lateral side of the stria medullaris bundles. At this level the 
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commissural and hypothalamic bundles of the stria terminalis may be 
clearly defined in association with the bed nucleus. Six days after opera- 
tion numerous degenerating terminals are present in the dorsal part of 
the bed nucleus. The ventral part of the nucleus adjacent to the hypo- 
thalamic bundle shows less severe terminal degeneration and the fascicles 
of the hypothalamic bundle appear normal. 

In the periventricular zone an appreciable number of fibres of the peri- 
ventricular olfactohabenular tract are undergoing degeneration (Plate V, 
fig. 6). This tract forms part of the stria medullaris and will be discussed 
elsewhere. No terminal degeneration could be seen in the habenular 
nucleus. 

The nucleus of the lateral olfactory tract overlaps other nuclei of the 
anterior end of the amygdaloid complex at this level. The first of these 
nuclei encountered is the cortical nucleus and degenerating fascicles from 
the olfactory tract are directed medially towards this nucleus and the 


nucleus of the lateral olfactory tract. Degenerating terminals are present 


in the depths of the nucleus of the lateral olfactory tract, but can only be 


seen in the outer layer of the cortical nucleus. 

Section 5 (At the level of the middle of the amygdaloid complex) 
(fig. 5)—The arrangement of the amygdaloid nuclei in Trichosurus follows 
the general marsupial pattern described in Didelphys by Johnston (1923). 
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[ransverse section at the level of the middle of the amygdaloid complex. 





318 W. R. ADEY 


The cortical and medial nuclei lie immediately subjacent to the cortical 
surface and extend in an arc dorsally from the amygdaloid fissure. The 
central nucleus lies dorsally close to the bundles of the stria terminalis 
which here converge to a compact mass as they are traced superiorly. A 
large part of the central area of the amygdaloid mass is occupied by the 
hasal amygdaloid nucleus. The long narrow lateral nucleus forms the 
lateral boundary of the complex. 

At this level the terminal distribution of the olfactory tract is extremely 
widespread. Four to six days after operation degenerating terminals are 
present in considerable numbers in the outer layer of the piriform cortex 
in its whole extent. At the lower end of the piriform cortex, adjacent to 
the amygdaloid fissure, the degeneration extends more deeply through the 
pyramidal cell layer. 

Within the amygdaloid complex, degeneration is most severe in the 
medial nucleus. Degenerating fibres can be seen entering its superficial 
aspect, and large darkly staining terminals are numerous amongst the cells 
of the superficial part of this nucleus (Plate V, fig. 7). The cortical amyg- 
daloid nucleus is similarly affected, although the degenerating terminals 
are less numerous and are not found as deeply in this as in the medial 


nucleus. 


Very little degeneration could be found in the central amygdaloid 


nucleus in any of these preparations. <A few scattered degenerating 
hbres are present in its dorsal and medial sectors, but appear to lie very 
close to the stria terminalis bundles which are fanning out at the periphery 
of this nucleus. The pericellular plexuses appear intact and no loss of fine 
fibres could be detected. No degeneration was found in the basal and 


lateral amygdaloid nuclei. 


Section 6 (At the level of the caudal part of the amygdaloid complex) 
(fig. 6)—The hippocampus appears at this level as a characteristically 
infolded mass of cortex capped by the dentate fascia and separated from 
the medial amygdaloid nucleus by the hippocampal fissure. 

Five days after operation the degenerating fascicles of the lateral 
olfactory tract extend ventrally from the rhinal fissure to the amygdaloid 
fissure. Medial to the amygdaloid fissure, degenerating fine fibres course 
upwards adjacent to the cortical surface towards the posterior portions of 
the cortical and medial amygdaloid nuclei. These fibres appear to arise 
from the lower part of the lateral olfactory tract. Degenerating terminals 
are present in the outer layers of these nuclei but are much less numerous 
than at the level of section 5. The degeneration ceases abruptly at the 
dorsal margin of the medial nucleus and no degeneration could be found 


in the hippocampus or dentate gyrus. Degeneration in the central amyg- 
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Fic. 6 Pransverse section at the level of the caudal part of the amygdaloid complex. 


daloid nucleus is very limited and is seen only as a few scattered swollen 


terminals on the dorsomedial rim of the nucleus adjacent to the stria 
terminalis bundles. The basal and lateral amygdaloid nuclei appear 
normal in all operated cases. 


Posterior limit of the degeneration as seen in sagittal sections (figs. 7 
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Sagittal section near the medial margin of the cerebral hemisphere. 
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and 8).—In sagittal sections near the medial margin of the hemisphere 
(tig. 7) the lateral margin of the olfactory bulb, the olfactory tubercle, the 


entorhinal 
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Sagittal section farther from the medium plane than fig. 7, showing the 
whole length of the piriform lobe. 


rucleus of the lateral olfactory tract, the amygdaloid complex are seen 
successively on the ventral aspect of the hemisphere. By a study of such 
sections it has been possible to determine the posterior limit of the 
degeneration in the piriform lobe. 


Six days after operation degenerating fibres of the lateral olfactory 


tract are present on the ventral aspect of the stump of the amputated 


olfactory bulb and drop-like terminals are present immediately dorsal to 
the lateral olfactory tract. In accordance with the findings in transverse 
sections (fig. 2) the medial part of the olfactory tubercle seen at this level 
shows no degeneration. Posterior to the olfactory tubercle, the nucleus 
of the lateral olfactory tract shows considerable numbers of degenerating 
terminals. On the ventral aspect of the amygdaloid complex degenerating 
fascicles of the lateral olfactory tract reach posteriorly to the region of 
the junction with the piriform lobe, but no degeneration could be detected 
in this part of the piriform cortex nor in the hippocampal formation which 
makes its appearance in these sections. Degenerating terminals are present 
in the outer layers of the medial and cortical amygdaloid nuclei, but the 
large basal nucleus appears normal. 

A more lateral section from the same brain (fig. 8) displays the whole 
length of the piriform lobe and the full extent of the hippocampal forma- 
tion. The cortex of the piriform lobe is clearly divisible into an anterior 


or prepiriform region and a posterior or entorhinal area. It is from the 
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entorhinal area that the main projection into the hippocampal forma- 
tion occurs. 

The degenerating lateral olfactory tract can be traced the length of 
the prepiriform area, decreasing 1 rapidly in size in the posterior part of 
the area, and finally disappearing near its posterior end. None of its 
fibres can be traced into the entorhinal area. Degenerating terminals 
are present in the outer layer of the prepiriform cortex. No degenerating 
terminals can be found in the entorhinal area nor in any part of the 
hippocampal formation. Degenerating terminals are present in the super- 
ficial layers of the lateral part of the olfactory tubercle, but none appear 
amongst the islands of Calleja. 

Distribution of the degeneration in the contralateral hemisphere (fig. 
9)—Two hemispheres on the side opposite to the ablation were sectioned 
transversely to determine the distribution of the degeneration. In one 
the survival period was four days and in the other six days. Each specimen 
was carefully examined to preclude as far as possible operative damage 
te the contralateral olfactory bulb. 


In the four-day specimen considerable numbers of degenerating termi- 
° ad « 


nals are present in the outer layer of the medial and cortical amygdaloid 
nuclei (Pate V, fig. 8). The distribution is curiously symmetrical in com- 
parison with similar sections on the operated side. The degeneration does 
not penetrate beyond the outer layer of these nuclei and no degeneration 
could be detected in any other amygdaloid nuclei. Six days after opera- 
tion the degeneration is more advanced, terminals appearing as scattered 
swollen droplets, but the distribution is unaltered. 

At the level of the anterior commissure there is degeneration in the 
parts of the bed nucleus of the stria terminalis lying both above and 
below the commissure. Four days after operation numerous swollen and 
darkly staining terminals are present in the supracommissural part of the 
bed nucleus. Similar but less numerous terminals are present immediately 
ventral to the commissure, Six days after operation more advanced 
changes are present, particularly in the infracommissural part of the bed 
nucleus where numbers of fine fibres are breaking up into swollen droplets 
around the nerve cells (Plate V, fig. 5). The fascicles of the stria terminalis 
itself do not appear to be involved in this process. 

There is a striking symmetry in the distribution of the degeneration 
in the operated and unoperated hemispheres, both in the amygdaloid 
nuclei and in the stria terminalis. The degeneration appears to be more 
severe on the operated side, particularly in the supracommissural portion 
of the bed nucleus of the stria terminalis and in the medial amygdaloid 
nucleus. Text—fig. 9 represents the distribution of the degeneration in 
a transverse section in a plane passing obliquely downwards and _back- 
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Fic. 9.—Transverse section in a plane passing obliquely downwards and backwards 
showing distribution of the degeneration in the operated and unoperated hemisphe1 


wards, and which thus shows ventrally the anterior ends of the amygdaloid 


nuclei as well as the anterior commissure. 


Degeneration in the contralateral olfactory bulb (fig. 10)—Longitudin i 
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Longitudinal section through the olfactory bulb on the unoperated side. 


sections have been examined in a specimen killed six days after operation. 
On the operated side the anterior olfactory nucleus appears intact and 
the plane of the abiation passes slightly rostral to its anterior border. A 
careful macroscopic examination of the contralateral bulb did not reveal 


any damage accidentally inflicted at operation. 
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Numerous intensely argentophilic terminals are present in the pars 
dorsalis of the anterior olfactory nucleus. These terminals are extremely 
numerous and in many instances are in continuity with very fine fibres 
(Plate V, fig. 10). They do not appear to be as enlarged as in most other 
regions where degeneration is indubitably occurring. However, their great 
profusion, together with the absence of similar findings in an unoperated 
brain, make it likely that fine fibres from the contralateral bulb do in 
fact terminate in this part of the anterior olfactory nucleus. No degenera- 
tion could be detected in the adjacent accessory olfactory bulb. 

The main fibre tracts within the bulb sweep back both dorsal and 
ventral to the olfactory ventricle from which they are separated by the 
internal granular layer of nerve cells. Amongst the fascicles on the dorsal 
aspect of the ventricle are numbers of fine degenerating fibres, particularly 
in the bundles lying adjacent to the internal granular lamina. Fine 
degenerating fibres, although somewhat less numerous, are similarly scat- 


tered amongst the fibres lying inferior to the olfactory ventricle and appear 


to run anteriorly towards the tip of the ventricle. Here these fibres can 


be traced through the internal plexiform layer where degenerating ter- 
minals are also present. Some pass between the mitral cells to enter the 
external plexiform layer (Plate V, fig. 9). No terminal degeneration can 
be seen in the internal granular layer. 

Degenerating fibres and terminals are present in considerable numbers 
within the glomeruli of the anterodorsal part of the bulb (Plate V, figs. 11 
and 12). This distribution of the glomerular degeneration is a very con- 
stant finding in successive sections, none being detected in the more 
ventral sectors of the bulb. While direct damage to the bulb appears to 
be a most unlikely cause in this case for the appearance of intraglomerolar 
degeneration, it is possible that damage to olfactory nerve fibres en route 
to the bulb from the nasal cavity may have contributed to the amount 


of degeneration noted within the glomeruli. 


Discussion 

The silver staining method used in this study appears to be adequate 
for elucidation of the central connexions of the olfactory bulb. By the 
use of the criteria set out above it would seem unlikely that “false posi- 
tives” have been recorded through failure to discriminate between the 
appearance of normal nerve endings and those undergoing degeneration 
(Plate V. figs. | and 2). It may well be contended that the method may fail 
to show degeneration in certain areas, due perhaps to resistance of the 
particular fibres to degenerative changes after axonal section or to the 
well-known vagaries of silver techniques in the extent to which different 
bundles of nerve fibres are impregnated. Many of the factors involved 
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in degeneration studies by silver methods have been reviewed by Murphy 
Combs (1951). The absence of massive degeneration in a particular area 
may not necessarily indicate absence of fibre connexions with such a 
region. On the other hand, there has been a reasonable agreement between 
results obtained in olfactory studies by this method in higher mammals 
(Le Gros Clark and Meyer, 1947; Meyer and Allison, 1949) and electro- 
physiological inv estigations (Rose and Woolsey, 1943; Fox, McKinley and 
Magoun, 1944; Kaada, 1951). 

Appearances in the olfactory tubercle indicate that fibres of the 
olfactory tract terminate only in the lateral part of the tubercle and in 
the posterior part adjacent to the nucleus of the lateral olfactory tract. 
Rose (1927a and b), in a comparative study of the cytoarchitecture of 
the olfactory tubercle, divided it into rostral, middle and caudal portions, 
the rostral part being well developed in lower mammals and correspond- 
ing to the area in the rabbit's tubercle found by Le Gros Clark and Meyer 
(1947) to receive olfactory terminals. Kaada (1951) in a very compre- 
hensive electrophysiological study noted action potentials in the rostro- 
lateral part of the tubercle in the cat and monkey. Meyer and Allison 
(1949) have also noted such a distribution of olfactory terminals in the 
monkey. Thus the distribution of the olfactory tract in the tubercle of 
the phalanger follows essentially the same pattern as in higher mammals. 

Within the amygdaloid complex, however, there appear to be certain 
significant differences in the mode of termination of the olfactory fibres 
from that seen in the rabbit (Le Gros Clark and Meyer, 1947). Our 
material shows an extensive termination in the more superficial parts 
of the cortical and medial amygdaloid nuclei, but none in the basal and 
lateral nuclei. This distribution conforms generally to that noted by 
Le Gros Clark and Meyer, but in the phalanger no evidence was found 
of the profuse termination which they reported in the central nucleus. 
Gray (1924) doubted whether olfactory fibres reach the periamygdaloid 
region directly in the opossum. 

A careful search in phalanger brains with a wide range of survival 


periods showed only a few degenerating fine fibres and terminals on the 


medial side of the central nucleus adjacent to the bundles of the stria 
terminalis. This degeneration appears to lie more properly within the 
bed nucleus of the stria terminalis than in the central nucleus. Johnston 
(1923) noted that in Didelphys there is an intimate relationship between 
the medial and central nuclei and that these are the two nuclei into which 
the bed nucleus of the stria terminalis appears to expand. Meyer and 
Allison (1949) point out that the central nucleus and the bed nucleus of 
the stria terminalis are directly continuous in the monkey, but that, unlike 
the rabbit, the central nucleus and posterior part of the bed nucleus of 
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the stria terminalis receive very few olfactory fibres. These findings in 
the monkeys closely resemble our own in the phalanger. 

The extensive bilateral distribution of terminal degeneration found in 
our material in the anterior part of the bed nucleus of the stria terminalis 
is similar to that seen in the rabbit (Le Gros Clark and Meyer, 1947) and 
monkey (Meyer and Allison, 1949). However, it extends over a consider- 
ably wider area in the phalanger in conformity with the greater size of 
the bed nucleus in the marsupial. Johnston. (1923) has given a detailed 
account of the evolution of the bed nucleus, indicating that it appears in 
selachians as a grey mass lying lateral to the ventricle of the olfactory 
tubercle and forming the ventricular counterpart of the lateral olfactory 
nucleus related to the lateral olfactory tract. He states that it retains 
its olfactory functions in reptiles and mammals and comes to lie above 
the internal capsule, extending from the anterior olfactory nucleus and 
parolfactory area to the temporal lobe. The middle portion becomes 
tenuous, but the anterior and posterior ends remain large and importani 
olfactory nuclei. 

The anterior extremity of the bed nucleus of the stria terminalis in 
the phalanger expands in a bifid fashion, part lying dorsal to the anterior 
commissure and part extending forward on its ventral aspect. A similar 
ventral extension was noted by Johnston (1923) and Loo (1931) in 
Didelphys, where the grey matter enveloping the anterior commissure 
extends forward a considerable distance into the nucleus accumbens and 
head of the caudate nucleus, and downwards and backwards to the pre- 
optic nuclei. Heavy degeneration is present bilaterally in this infra- 
commissural part of the bed nucleus in the phalanger, but degeneration 
in this region has not been reported in either the rabbit (Le Gros Clark 
and Meyer, 1947) or monkey (Meyer and Allison, 1949) after ablation of 
the olfactory bulb. 

Degenerating fibres from the olfactory bulb have been detected in the 
phalanger in the periventricular olfactohabenular tract in the periven- 
tricular zone immediately caudal to the anterior commissure. Loo (1931) 
has described the periventricular olfactohabenular tract in Didelphys and 
considers it as probably the most primitive component of the stria 
medullaris, comparable with the medial olfactohabenular tract of 
amphibia. The tract in Didelphys arises widely from the periventricular 
zone of the preoptic area, but Loo does not attribute to it any fibres from 
the olfactory bulb. He notes that many of its slender fascicles penetrate 


among the cells of the rostral end of the medial group of thalamic nuclei, 


where some of the fibres appear to terminate. Moreover, a careful search 
of the habenular nuclei in our material has failed to show either fibre 


or terminal degeneration. 
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[t seems not unlikely that some of these periventricular fibres turning 
laterally toward the anterior thalamic nuclei do in fact terminate in the 
adjacent bed nucleus of the stria terminalis and are at least partly respon- 
sible for the extensive degeneration seen in the phalanger in the bed 
nucleus. Meyer and Allison (1949) noted in the monkey that signs of 
degeneration in the bed nucleus extend into the periventricular preoptic 
region and consider that the fibres of the olfactory bulb reach the bed 
nucleus through the anterior limb of the anterior commissure. Certainly 
the approximately symmetrical distribution of the degeneration in the 
contralateral bed nucleus suggests a commissural pathway, but the addi- 
tional evidence provided by this material suggests that caudal to the 
anterior commissure the fibres may run in a periventricular position. There 
is no evidence here of a “medial root” of the olfactory tract running to 
the septal region. 

Connexions with the contralateral olfactory bulb appear to differ in 
the phalanger from those seen in the rabbit (Le Gros Clark and Meyer, 
1947). The evidence is limited to one case examined six days after opera- 
tion, but considerable care has been exercised in its selection to ensure 
as far as possible that the operative lesion did not directly involve the 
anterior olfactory nucleus at the foot of the bulb, and that accidental 
damage had not been inflicted on the contralateral bulb. 

Cajal (1911) described fibres proceeding from the outlying mitral cells 
through the anterior commissure to terminate in the internal granular 
layer of the opposite bulb. These findings have not found universai 
acceptance. Probst (1901), Edinger (1908) and Le Gros Clark and Meyer 
(1947) support Cajal’s view. Elliot Smith (1909) and Young (1942), however, 


considered that degeneration in the contralateral bulb only ensues after 


operatiy e damage extending behind the bulb itself, and Young concluded 


that the interbulbar fibres arise and terminate in the anterior olfactory 
nucleus, which he regards as an anterior extension of the piriform cortex. 
Le Gros Clark and Meyer found degenerating fibres passing through the 
mitral cell layer to the external granular and plexiform layers in the rabbit 
but no degeneration could be found within the glomeruli. 

In the phalanger degenerating fibres in the contralateral bulb appear 
most numerous in the fascicles of fine fibres adjacent to the internal 
granular layer on the dorsal aspect of the ventricle. No degeneration 
could be detected within the internal granular layer. Degenerating fibres 
can also be traced through the mitral cell layer in the anterior portion of 
the bulb, while degenerating fibres and terminals are present in the 
glomeruli of the anterodorsal sector of the bulb. Very large numbers of 
argentophil terminals are present in the dorsal part of the anterior olfac- 
tory nucleus, but the anterior olfactory nucleus on the side of the lesion 
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does not appear damaged, thus giving no support to Young’s views. How- 
ever, the limited amount of material examined in the phalanger restricts 
the conclusions which may be drawn from it. 

Singularly little evidence has been found in the phalanger of direct 
olfactory connexions with a number of structures traditionally regarded 
as “rhinencephalic,” and here this study confirms the work of Meyer et al. 
in the rabbit and monkey. No evidence of degeneration has been found 
in the septal areas, nor in the hippocampal formation. Degeneration 
within the piriform lobe is limited to its anterior, or prepiriform part. 
The posterior piriform cortex, or entorhinal area, which has large direct 
hippocampal connexions, does not appear to receive any fibres from the 
olfactory tract. 

Nevertheless electrophysiological studies have indicated that large 
impulses may be recorded from the dorsal hippocampus after olfactory 
bulb stimulation in the cat (Berry, Hagamen and Hinsey, 1952). The long 
conduction times suggest a multisynaptic pathway. Similar studies have 
shown the hippocampus to receive impulses from auditory, visual and 
someesthetic pathways (Robinson and Lennox, 1951) and from olfactory 
and gustatory centres (MacLean, 1951). Neuroanatomical studies in the 
monkey have shown fibre pathways from the prefrontal areas to the pre- 
subiculum and also from the insula and tip of the temporal lobe to the 
entorhinal area (Adey and Meyer, 1952a and b). From this evidence it 
has become apparent that the hippocampus, traditionally considered as 
part of the rhinencephalon, probably receives afferent impulses from a 
variety of sensory modalities, and that this information is then conveyed 
to the hypothalamus through the fornix system. Our present study has 
shown that even at the relatively primitive level of organization of the 
marsupial brain, the hippocampus does not receive direct olfactory 
connexions. 

SUMMARY 

(1) The central connexions of the olfactory tract in the marsupial have 
been studied experimentally in eight specimens of the phalanger 
(Trichosurus vulpecula), using a silver staining method to show degenerat- 
ing fibres and terminals after ablation of the olfactory bulb. 

(2) The lateral olfactory tract terminates in the lateral part of the 
olfactory tubercle. No terminal degeneration could be found in the medial 
part of the tubercle. 


(3) Degeneration in the piriform lobe is limited to the anterior or 


prepiriform area. No degeneration could be detected in the entorhinal 


area or the hippocampal formation. 


(4) Degeneration within the amygdaloid complex is limited to the 
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nucleus of the lateral olfactory tract, the cortical and medial nuclei and 
the anterior part of the bed nucleus of the stria terminalis. Very little 
degeneration is present in the central nucleus and none in the basal or 
lateral nuclei. Fibres may reach the bed nucleus of the stria terminalis 
by running a periventricular course caudal to the anterior commissure. 


(5) No degeneration could be detected in the septal area. 

(6) Within the contralateral olfactory bulb degenerating fibres course 
forward through the mitral cell layer and appear to terminate within the 
anterodorsal glomeruli. No degeneration has been found in the internal 
granular layer. 
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PLaTE V 


All photomicrographs are of silver impregnated sections. 

Fic. 1.—Normal darkly staining solid terminals around a cell of the medial 
amygdaloid nucleus in an unoperated brain. x 1,500. 

Fic. 2.—Degenerating swollen terminals around a cell in the medial amygdaloid 
nucleus six days after operation. x 1,500. 

Fic. 3.—Degenerating terminals in the vicinity of a cell of the bed nucleus of 
the stria terminals six days after operation. x 950. 

Fic. 4.—Degenerating fibres of the lateral olfactory tract six days after operation. 
x 450. 

Fic. 5.—Degenerating fine fibres and terminals in the bed nucleus of the stria 
terminalis on the contralateral side to the lesion six days after operation. x 950. 

Fic. 6.—A _ degenerating fibre in the periventricular olfacto-habenular tract 
immediately caudal to the anterior commissure six days after removal of the 
olfactory bulb. x 700. 

Fic. 7.—Degenerating terminals in the outer layer of the medial amygdaloid 
nucleus five days after operation. x 1,000. 

Fic. 8.—Degenerating terminals in the medial amygdaloid nucleus of the contra- 
lateral hemisphere six days after removal of the olfactory bulb. x 650. 

Fic. 9.—A degenerating fibre in the contralateral olfactory bulb lying just 
external to the mitral cell layer six days after operation. x 800. 

Fic, 10.—Numerous highly argentophilic terminals in the contralateral anterior 
olfactory nucleus six days after removal of the olfactory bulb. x 650. 

Fic. 11.—Degenerating fibres within a glomerulus of the contralateral bulb six 
days after operation. Scattered swollen terminals, both solid and ring-like are also 
present. x 700. 

Fic. 12.—Degenerating terminals within a glomerulus of the contralateral bulb 
six days after operation. x 950. , 


List oF ABbREVIATIONS USED IN TEXT-FIGURES 


acc. olf. bulb, accessory olfactory bulb. 

c. prepir., prepiriform cortex, 

com, ant., anterior commissure. 

com, ant. olf., olfactory part of anterior commissure. 
com. hip., hippocampal commissure. 

fornix col., anterior columns of the fornix. 
fornix precom. ant., anterior part of precommissural fornix. 
globus pal., globus pallidus. 

gy. dent., gyrus dentatus. 

is cal., islands of Calleja. 

lam. glom., glomerular layer. 

lam. gran. int., internal granular layer. 
lam. periglom., periglomerular layer. 

lam. plex. externa, external plexiform layer. 
lam. plex. int., internal plexiform layer. 
m.f.b., medial forebrain bundle. 

nuc. acc., nucleus accumbens. 

nuc. am. bas., basal amygdaloid nucleus. 
nuc. am. cent., central amygdaloid nucleus. 
nuc. am, cort., cortical amygdaloid nucleus. 
nuc, am. lat., lateral amygdaloid nucleus. 
nuc. am. med., medial amygdaloid nucleus. 
nuc. caud., caudate nucleus. 

nuc. d. b., nucleus of the diagonal band. 
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nuc. hip. ant., anterior hippocampal nucleus. 

nuc. olf. ant. p. dors., dorsal part of anterior olfactory nucleus. 
nuc. olf. ant. post. part, posterior part of anterior olfactory nucleus 
nuc. septi lat., lateral septal nucleus. 

nuc. septi med., medial septal nucleus. 

nuc. suprach., suprachiasmatic nucleus. 

nuc. supropt., supraoptic nucleus. 

n. t. o. l., nucleus of lateral olfactory tract. 

optic ch., optic chiasm. 

optic tr., optic tract. 

p. c. l., pyramidal cell layer of prepiriform cortex. 

put., putamen. 

stria med., stria medullaris. 

stria term., stria terminalis. 

stria term. bed nuc., bed nucleus of stria terminalis. 

stria term. com, b., commissural bundle of the stria terminalis. 
stria term. hypothal. b., hypothalamic bundle of the stria terminalis. 
stria term. infra-comm. b., infracommissural bundle of stria terminalis. 
tr. olf. hab. pv., periventricular olfacto-habenular tract. 

tr. olf. lat., lateral olfactory tract. 

tub. olf med., medial part of the olfactory tubercle. 

tub. olf. post. part, posterior part of the olfactory tubercle. 

vent. lat., lateral ventricle. 

vent. olf., olfactory ventricle. 





Notices or Recent PusBLicaTIONS 


Anatomy of the Autonomic Nervous System. By G. A. G. Mircue t, 1953. 
Pp. 356 with 131 figures. E. & S. Livingstone Ltd. Price 55s. 


Professor Mitchell’s book is primarily based on his own dissections of the 
ganglionated plexuses of the autonomic nervous system in man, illustrated by 
numerous drawings and photographs. Together with the systematic description 
which accompanies them, they provide a topographical record of considerable value, 
particularly for those concerned with the study and surgical treatment of clinical 
disorders of autonomic functions. Much of the book deals with parts of the nervous 
system which are not usually understood to come under the heading of the 
autonomic nervous system, for the latter is defined by the author as “the part 
regulating all those bodily processes which are not under voluntary or volitional 
control.” His general account covers rather a wide field, including items such as the 
olfactory and gustatory systems, the sensory cortex, and the blood supply of the 
brain-stem. Clearly all these ultimately have some indirect relevance to autonomic 
functions, but it may be questioned whether the inclusion of involuntary activities 
as a whole in the definition of the autonomic nervous system. will not lead to some 
confusion. Langley, in his classic book published in 1921, very carefully considered 
the application of the term “involuntary” in this connexion, and emphasized its 
disadvantages. Professor Mitchell shows a slight bias towards the unorthodox in 
his approach to disputed problems. For example, he appears to accept the much 
criticized conclusions of Boeke that striated muscle fibres receive a sympathetic 
innervation, and he is of the opinion that the balance of anatomical and physio- 
logical evidence is in favour of the existence of efferent fibres in the dorsal spinal 
nerve roots of mammals. Some neurohistologists, also, may be doubtful of the 
nervous nature of certain of the cells and fibres in his photomicrographs (e.g. fig. 27). 
But the author explicitly states in his preface that some of the views which he 
expresses are intended to be provocative. 


W. E. Le G. C. 


Fibre Systems of the Brain and Spinal Cord. By M. K. Wricur. 1952. 
Pp. 1-103; 53 illustrations including 21 half-tone reproductions of 
brain-stem sections. Johannesburg: Witwatersrand University Press. 


This book, as the author explains, is written with the single purpose of teaching 
the principal fibre pathways of the central nervous system. In this respect it should 
fulfil its purpose admirably; the illustrations are clear, devoid of unessential detail 
and based upon the results of the most recently accepted neurological investigations, 
Further, both in the text and in the illustrations, care has been taken to exclude 
all controversial issues. 

It should assist pre-clinical medical students at the beginning of their neuro- 
logical studies as well as clinical students who are commencing a course in clinical 
neurology. 

A short bibliography follows the text. It has been thoughtfully chosen to 
provide the reader with the titles of recent editions of standard general reference 
books as well as a series of up-to-date reviews related to the subject heading of each 


chapter. 
G. M. W. 





NOTICES OF RECENT PUBLICATIONS 


The Thalamus of the Mucaca Mulatta. An Atlas for use with the Stereo- 
taxic Instrument. By Jerzy Otszewski. 1952. Pp. 93 with 57 plates. 
Basel and New York: S. Karger. 

The rapid development of experimental studies of the thalamus has prompted 
the author to produce this fine atlas. It is mainly composed of a series of excellent 
photomicrographs of coronal sections through the monkey’s thalamus, stained with 
cresyl violet and lithium hematoxylin. The sections were orientated in reference 
to the planes of the stereotaxic instrument and have been reproduced at a magnifi- 
cation x 18. The cyto-architecture of each nucleus is illustrated by high-power 
photomicrographs of the cresyl violet sections. The atlas represents an elaboration 
on a photomicrographic scale of the atlas produced over thirty years ago by R. H. 
Clarke who was one of those responsible for the first introduction of stereotaxic 
methods in the experimental investigation of the monkey’s brain, and it may 
certainly be regarded as a worthy tribute to this distinguished pioneer. Oddly 
enough, however, the author does not make any special mention of R. H. Clarke 
(except in his list of references). 


W. E. Le G C. 


Poliomyelitis. By W. Ritrcure Russert. 1952. Pp. 79. London: Edward 
Arnold. Price 1|4s. 


This concise and admirable monograph sums up conveniently the clinical courses 
and pictures of poliomyelitis and its modern modes of treatment. 

The need for such a statement as this is not new, but the increasing incidence of 
the disease, and the importance of recognizing its more dangerous complications 
make it most important that such an account as this should be freely available to 
all who may have to share in the diagnosis, treatment and care of cases of 
poliomyelitis. 

This care and treatment must become more institutional as it becomes more 
complex and, as in the case of the box respirator, demands the resources of a 
hospital and its trained staff. 

Of equal importance is a balanced account of what can ‘be expected in respect 
of residual paralyses, and what can usefully be done for them, and such an account 
the author provides, 

In the clinical account, the term “abortive” seems to linger rather unneeded 
on the scene and to have no clear usefulness. It is now applied to what is called 
the “minor illness” when this is not followed by the “major illness,” which may be 
paralytic or non-paralytic. 

If, as we must believe, there are in every case of poliomyelitis, minor or major, 
non-paralytic or paralytic, visible lesions in the central nervous system, in what sense 
is any case truly “abortive’’? Surely, not in any pathological sense. 

In short, the term has merely a truncated clinical meaning which is now taken 
by the term “minor illness,” and if this is to be generally adopted, the continued 
use of “abortive” can do no more than create confusion. 

Another relic of the past also survives in these pages, mamely, the term 
“dromedary” as applied to the two-humped temperature chart sometimes seen in 
this disease. But the dromedary is the one-humped riding camel of Arabia, and 
an account of the natural history of poliomvelitis does not require us to invent a 
fictitious bestiary, or to perpetuate it. 


F. M. R. W. 
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Cerebral Mechanisms in Behaviour (The Hixon Symposium). Edited by 
Lioyp Jerrress. 1951. Chapman and Hall, London. Price 52s. 


The Biology of Mental Health and Disease (Millbank Memorial Fund 
Conference, 1950). 108 Contributors, with a foreword by STaNLey 
Coss. 1952. Cassell and Co., London. Price 75s. 


Prospects in Psychiatric Research. (Proceedings of the Oxford Conference 
of the Mental Health Research Fund.) Edited by J. M. Tanner. 1953. 
Blackwell Scientific Publications, Oxford. Price 21s. 

The scientific symposium has long since established itself in the United States, 
and now seems to be coming into fashion in this country. The three volumes here 
briefly noticed have all appeared within the past three years, one in this country 
and two in America. 

All cover the same vast field of knowledge and speculation: namely, that of 
the neurological basis of mind. Here the term “neurological” must be used in a 
wide sense to include anatomy, physiology and biochemistry, indeed the whole range 
of dynamic processes in the nervous system, and in the organism as far as they 
influence this system. 

The problem of the mind-brain relationship overshadows these symposia, and, 
if one may multiply metaphors, it is a Cinderella at all these feasts of eloquence 
and has more ugly sisters than fairy godmothers. It is a cardinal problem here, 
but is in general cavalierly dealt with, and no one seems ready to face it frankly 
or to understand its implications. Some symposiasts brush it aside hurriedly as 
one would an alighting wasp, before it has time to sting; while those who are satisfied 
that the electrical activity of neuronal circuits accounts for all mental phenomena 
do not have overtly to grapple with it at all. 

Yet like Banquo’s shade, the ghost of an ignored metaphysics disturbs the com- 
plete harmony of the intellectual banquet, for in this field of study the natural 
scientist comes to a frontier across which his accustomed methods do not suffice to 
guide him, 

It was not for nothing that both Sherrington and, before him, Hughlings Jackson, 
saw difficulties here that lesser men refuse to look at, for there is a metaphysical 
problem involved in the mind-brain relationship, and a generation untrained i 
this discipline of thought seeks to persuade us that the scientific fox without a philo- 
sophical tail is as good as he that has one: a thesis not highly thought of since 
ZEsop wrote his fables, 

Indeed, it seems probable that a period of great confusion awaits us in neuro- 
physiology in so far as we seek to elucidate mind exclusively in terms of electronics 
and biochemistry, and that only some future generation as expert in philosophical 
thinking as in scientific techniques will bring order out cf chaos and define the 
scope and limitations of natural science in this field. 

In the meantime, it is interesting to see in these volumes the strong trend amongst 
some psychiatrists towards the anatomical and physiological study of the nervous 
system as the method of choice and hope in psychiatry. They are becoming more 
materialist than the nineteenth century materialists, and will end by leaving them- 
selves with a psychiatry that is no more that a descriptive clinical ‘and¥nosological 
discipline: for if normal and abnormal mental processes are no more than the 
expression of biophysical and biochemical processes in nervous and other tissues, 
then modern psychiatry as a collection of independent theoretical indisciplines has 


no future. 
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Virtually all the contributions in these three volumes are anatomical, physio: 
logical or biochemical, and to speak of them, as is done in the English volume, as 
“Prospects in Psychiatric Research,” is misleading, unless psychiatric research is to 
become something wholly different from what it has been in the past, and until 
psychiatrists become biophysicists and biochemists, More correct is the Millbank 
volume which deals with “The Biology of Mental Health, normal and abnormal”: 
without indiscreet enquiry as to whether biology is an adequate instrument for the 
total comprehension of mental ‘health. 

It is important that the clinical neurologist should at least look through these 
volumes so that he may orient himself in so far as this is possible in a territory not 
yet reduced to order. He will come away from them deeply impressed by the vast 
and varied accumulations of information now available: he will see this immense 
differentiation as yet unaccompanied bv any integration, and he may be depressed 
by a field of knowledge that while extending beyond his horizons seems to have 
no depth in any insights into the nature of the problem under consideration: 
namely, the mind-brain relationship. 

Probably this must await the time when our intellectual training is comparable 
with our immense technological ingenuity. 


M. R. W 


Clinical Neurology. By F. A. Evtiorr, Bropre Hucues and, J. W. ALDREN 
TurNeR. Edited by F. A. Elliott. 1953. Cassell and Co., London. 


ages 751. Price 42s. 


The authors have written this 750 page manual for the postgraduate student 
of medicine, and it is admirably adapted to its paspew in its scope and detail. 

They have had to adopt the mixed anatomical-« tiological classification of diseases 
that the present state of knowledge enforces, but they have introduced a category 
of “Syndromes characterized by pain” that brings together states as diverse as the 
thoracic inlet syndrome, trigeminal neuralgia, spondylitis and disc herniations, and 
it may be doubted whether the innovation makes for cl: irity or has any’ discoverable 
usefulness. 

The clinical accounts are excellent and the pathological information adequate, 
and the book justifies its title of “Clinical Neurology” better than do some current 
texts. 

The proportion of space given to different maladies must always be a matter of 
opinion, but perhaps the proportions here are not always the best. Thus intra- 
cranial new growths occupy 60 obscure and diffusely written pages, while polio- 
myelitis gets only 9, disseminated sclerosis the same meagre ration, cerebral diplegia 
gets less than two pages and sarcoidosis less than one. 

As in all first editions a few errors and contradictions have passed the authors. 
Thus on p. 603 we read that in spinal cord compression motor symptoms are usually 
later in onset than sensory, while on p. 613 the reverse and more common sequence 
is given. The Erb’s paraplegia, as described by Erb in 1892, is a hypotonic paresis 
with sensory loss and marked sphincter weakness, and not the condition described 
by the authors, 

The account of the symptom-complex of Little's disease suggests that this malady 
has been confused with severe cerebral birth injuries, and is not compatible with 
the later statement that its recognition is very dificult in the early months of life. 
In the chapter on poliomyelitis that mythical animal the two-humped dromedary 
makes its usual brief and inappropriate appearance, and it would be interesting to 
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know how the authors come to believe that daily galvanism is important in 
facial palsy. 

To say that “syphilis of the nervous system is still fairly common’ conveys no 
information, while the statement that there is no specific treatment for tuberculous 
meningitis is perhaps no longer valid. The phrase “the actual cause of the disease” 
seems to betray a naive concept of zxtiology, while in speaking of the artificial termi- 
nation of pregnancy in disseminated sclerosis, the comment that “this course may 
have to be taken in preference to adding a baby to the burden of an already incapaci- 
tated mother” suggests an equivocal role for the doctor in more senses than one. 
Authors of textbooks of medicine need to be careful as to how they say what they 
mean, and good writing, difficult though it be, is a merit of the first rank in any 
book. 

These criticisms apart, the book is an excellent exposition of clinical neurology 
for the class of readers for which it is intended. Its general production is good. 


It is very sparsely illustrated. 


F, M. R. W. 





